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CHARCOAL MEDIA FOR THE CULTIVATION OF TUBERCLE BACILLI 
JAMES G. HIRSCH 
Received for public ition August 30, 1954 


INTRODUCTION 


The growth requirements of tubercle bacilli are fairly simple in comparison 
to those of many other microorganisms. Growth may occur, for example, in an 
aqueous solution containing mixed phosphate buffer, a small amount of mag 
nesium sulfate, a source of carbon (glucose or glycerol), and a nitrogen source 
(asparagine, glutamate, ammonium sulfate, or perhaps even atmospheric nl 
trogen (1)). However, in order to obtain extensive and reproducible growth, 
especially when there are only small numbers of tubercle bacilli in the inoculum, 
it is often necessary to add to the medium one or more biologic materials such 
as egg yolk, starch, or an animal serum product 

Kgg-yolk media have several undesirable features. These media are not re 
producible because the chemical constitution of the egg varies with the breed 
of hen and also with the diet. The process of inspissation of egg-yolk media 
requires special equipment and care, and sterility is not certain. Finally, on 
standing, unknow 1 chem cal changes ottet take place in these media, rendering 
them unsuitable for multiplication of mycobacteria 

Media containing serum fractions also have several drawbacks. For example, 
bovine plasma albumin is expensive and at times difficult to obtain, the albumin 
is not precisely reproducible and, perhaps of greater importance, it is not heat 
stable at neutral reactions. As a consequence, 1 1s usually sterilized by filtration, 
a troublesome and not entirely reliable procedure 

Thus, none of the media in current use for the cultivation of Mycobacterium 
tuberculosis is inexpensive, easy to prepare, stable, and reproducible. It is prob 
ably because of these numerous deficiencies that so many modifications of the 
various types of media are employed 

Chis communication presents experiments which have led to the development 
of a new culture medium for tubercle bacilli. This new medium appears to be 


free of many, if not all, of the objectionable features of media containing egg 


From the Laboratories and the Hospital of The Rockefeller Institute for Medical Re 
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volk or serum fractions: vet, on the basis of laboratory studies done thus far. 
it is equal to or even better than previous media in supporting the growth of 


tubercle bacilli 


OBSERVATIONS 


Davis and Dubos demonstrated that the protective effect of plasma albumin 
in cultures of tubercle bacilli was principally attributable to the capacity of this 
protein to bind fatty acids (2). Low concentrations of long-chain fatty acids, 
for example, oleic acid, stimulate the growth of tubercle bacilli in vitro; however, 
only slightly higher concentrations of these compounds exert a pronounced 
bacteriostatic effect (3). The albumin apparently acts as a sort of buffer which 
binds the fatty acids reversibly so that low concentrations are available in solu- 
tion for bacterial metabolism, while the higher concentrations which are toxic 
are removed from solutior 

Because of technical difficulties encountered in preparing sterile solutions 
of bovine plasma albumin, a search was instituted for a substance which would 


bind fatty acids and which could be sterilized in the autoclave. Many materials 


are known to possess the property of binding fatty acids (4). Among these 


substances, it seemed most likely that charcoal would be stable to heat. Some 


precedent existed for the use of charcoal in bactenologic media: for example, 


charcoal-agar has been used successfully in growing Hemophilus pertussis (5 
Experiments were therefore conducted to determine if charcoal would sub- 


stitute for albumin in solid media for the cultivation of tubercle bacilli 


Initial Studies with a Charcoal Aqar Vedium 


tin these slight modification of 


aid eiium composition was as ollows 


KH.PO,, 0.1 per cent 
Na HPO, 12 HAO, 0.68 
cent 
wein, pe cent 
0.005 per cent 
Hi) OOO] 
0.00005 per cer 
O.O0001 per cen 
per cent 


| cent 


of oleic acid dissolved with shaking in 10 


is added to this medium at a final 


cor 
ircoal, when used, was added to the medium 
vhich albumin was emploved, a sterile solu 
tion of bovine ama fractio vided to autoclaved medium when it had cooled t 
i temperature of approximate wee 
Stock cultures of tubercle bacill were maintained t 
Tween -ervatalline a iit iquid mediun Sever old stock cultures wer 


liluted in distilled nel « ) 0.025 ml. drops of these dilute suspensions of bac 


ere placed on t o lmed t< e tested. Most of the experiments were done using 


Phe base mediu ( the standard Dubos 
sed 
u i. per cent 
\ 1 per cent solut lium oleate (0.12 | 
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Petri dishes ter drying of the drops which contained the inoculum, these plates were in 


cubated at 3S pl t mags and examined for growth after two to three weeks 


As mav be seen in table l, charcoal did protect tubercle bacilli and permit 


their growth on solid media from small inocula, even when oleic acid was added. 


Types of charcoal: In the first experiments an old preparation of Merck’s 


(Darmstadt) animal charcoal, not otherwise characterized, was used. Other more 
readily available types of charcoal were therefore tested for their capacity to 
promote the growth of tubercle bacilli on agar plates, using techniques identical 
to those described above. It was found that Penick’s animal charcoal powder 
and wood charcoal! powder Willow, USP X.) were ineffective, while reproducible 
growth was obtained on media containing Darco charcoal or Norite A 

Washing of the charcoal with distilled water, ethanol, acetone, or acetone 
diethyl! ether mixtures did not perceptibly alter its activity in the medium 

Norite A was selected as the brand of charcoal to be used for further in 
vestigation ol the new medium 

General characteristics of the initial charcoal medium: First, the general char 
acteristics of the preliminary charcoal medium described above were studied 
Numerous strains of tubercle bacilli (H37Ra, human avirulent; BCG, bovine 
attenuated; RIRv, human attenuated; Vallée, bovine virulent; H37Rv, hu 
man virulent) were tested and all were found to grow reasonably well on the 
charcoal agar. Moreover, when serial dilutions in water of dispersed liquid cul 
tures of tubercle bacilli were plated on oleic-acid—albumin and on charcoal agar 
media, the numbers of colonies recovered were approximately the same. This 
established that the media containing charcoal provided appropriate support 
for growth from small inocula 

Quantitative relationship of charcoal and fatty acid: The relationship between 


TABLE 1 
THe Errect o OAL AND OF BovINE ALBUMIN ON or TUBERCLE 


on AGarR Mepta 


PACILLI 


H37 Ra 


Humar 


0.5 per 


0.5 per cent bo bumin and 0.005 per cent 


No addition 
0.005 per cent 


0.2 per cent 
0.2 per cent o d 0.005 per cent olente 
* See text for 
t Cgrowth af neubatiu at 3 or three weeks was graded from 0 no growth) to 
heav rowth The inoculum was 0.025 ml. of ten-day-old Tween ibumin 


stock cultures dilutes 100 000 in water 
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TABLE 2 
BeTween CHARCOAL AND Farry Acip IN AGAR MEDIA FOR CULTIVATION 
or MYCOBACTERIA 


sbstance Added t 
Base Medium,* 
entration. Per 


sddition 
Norite A 0.01 
Norite A 0.08 
Norite A 
Norite A 0.3 


Bovine albumin 0.5 


* See text for description of the base medium 


t G;rowth estimated after incubation at 38°C for three weeks and graded from 0 (no 
growth) to +++4-+ (heavy growth). The inoculum was 0.1 ml. of ten-day-old Tween’ 


ilbumin stock cultures diluted 1:10.000 in water 


the charcoal concentration and the amount of fatty acid in the medium was 
demonstrated by the results presented in table 2. In the absence of oleate, con 
centrations of Norite A as small as 0.01 per cent were adequate to support 
growth; while, in the presence of 0.005 per cent oleate, charcoal was required 
at a concentration of 0.1 per cent or higher. The media containing 0.1 per cent 
Norite A were black or dark gray in color. This color was found desirable since 
it prov ided a contrasting background for ready detection of the white-to-vellow 
colonies of tubercle bacilli. By the same token, the medium was sufficiently 
transparent so that plate markings could be seen through shallow layers, and 
colony morphology could be studied under the microscope with transmitted 
or surtace illumination 

Essential role of charcoal kixperiments were also done in which all of the 
ingredients of the charcoal medium except for the agar were mixed and the 
charcoal was then removed by filtration through papel Agar was added to the 
filtrate and plates were poured ; tubercle bacilli failed to grow on these plates, 
thus indicating that it was necessary for the charcoal to be present in the final 
medium 

Defects of original charcoal agar medium: The preliminary charcoal agat 
medium had two prominent shortcomings: drops did not spread on the surface 
but instead assumed lenticulate forms which took long periods of time to dry; 


and the rapidity and extent of growth, although reproducible, was somewhat 


inferior to that obtained on oleic-acid—albumin agar medium. Further studies 
were therefore done in attempts to overcome these undesirable features by 


changing various constituents of the charcoal agar medium 


ilterations in the Composition of the Charcoal Agar Medium 


For these studies, Norite A was used in all experiments in a final concentration of 0.1 


per cent. The other constituents of the medium were varied widely. Individual media to be 


YDS 
; th { Tubercle Ba 
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Ra RIR H37Ryv H37Ra H37R 
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tested were usually prepared in a volume of 20 to 25 ml. and placed in Pyrex test tubes meas 
uring 25 x 150 mm. The tubes were covered with aluminum caps and sterilized in the auto 
clave. After cooling to a point when they could be beld comfortably in the hand, the contents 
were mixed and poure din dupli ate in small (5 em. in diameter) Petri dishes. After standing 
for twenty-four hours at room temperature to allow evaporation of excess moisture the 
plates were divided into three sectors with a glass-marking pencil and were then inoculated 
using aseptic technique, with 0.025 ml. drops of 1: 10,000 dilutions in 0.01 per cent Norite 
water (6) of seven- to ten-day-old stock cultures in Tween" crystalline albumin of three 
strains of tubercle bacilli. These plates were incubated at 38°C. in plastic bags. One of the 
duplic ite plates was examined after two weeks of incubation and the other at three weeks so 
that an estimate of both the rate and extent of growth could be made. Often oleic-acid 
albumin plates were included for comparison 

Using this technique, it was possible to evaluate a large number of variations in the 
medium. The three different strains of tubercle bacilli employed were usually BCG-Tice 
in attenuated bovine strain which grows poorly on most media and ts extraordinarily 
susceptible to inhibition by various factors in the environment; BCG-Phipps, an attenuated 
bovine strain which grows well; and RIRv, an attenuated human strain. Stock cultures of 
these microorganisms were maintained in Tween” -crystalline albumin so as to avoid trans 


fer of even a minute quantit of a growth factor known to be present in plasma fraction \ 


ot in ervstallized albumin (7 


It is not practicable to present in detail the results of the many experiments 
inquiring into the effect of alterations in the composition of the charcoal me 
dium. The information gathered from these studies was the following 

Change in the concentration of phosphate buffer in the medium was either 
without effect or led to a reduction in the amount of growth. The phosphate 
buffer mixture used in Dubos base medium (0.1 per cent potassium dihydrogen 
phosphate and 0.63 per cent dibasic sodium phosphate) results in a pH near 
7.2; this reaction must then be adjusted to pH 6.5 to 6.8 by the addition of 
hydrochloric acid to obtain optimal growth of mycobacteria. In the charcoal 
medium, it was found that growth of tubercle bacilli was unaffected by a change 
in the phosphate buffer mixture (to 0.4 per cent potassium dihydrogen phos 


phate and 0.3 per cent dibasic sodium phosphate) so as to produce without 


further manipulation the desired pH in the complete medium 

Growth was less extensive when asparagine was omitted from the medium 
Sodium glutamate served as well as but no better than asparagine as the source 
of nitrogen, while ammonium sulfate in various concentrations was only slightly 
less effective 

Although growth occurred in the absence of enzymatic hydrolysate of casein, 
it was notably improved in rate and extent by the addition of this material to 
the medium. The effect of the casein hydrolysate varied somewhat, depending 
on the strain of tubercle bacillus; for example, RI Rv was markedly stimulated, 
while BCG-Tice was unaffected or even slightly inhibited. Two preparations 
of enzymatic hydrolysate of casein were investigated, NZ Amine, Type B 
Sheffield Farms Co., Inc., New York) and Bacto Tryptone (Difco Laboratories, 
Detroit). The latter proved to be slightly more effective in promoting the growth 
of certain strains of mycobacteria. The optimal concentration of casein hydrol 
ysate for extensive growth was found to be 0.5 to 1.0 per cent. Studies were 
also made to determine if the need for enzymatic hydrolysate of casein could 


be eliminated by the addition to the medium of oleic acid, of inorganic and 


but 
, 
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organic iron compounds, of various amino acids and amino acid mixtures, and 
of numerous sulfur-containing compounds. None of these chemically defined 
substances satisfactorily replaced casein hydrolysate. 

Moderate increases in the concentration of ferric ammonium sulfate and of 
magnesium sulfate produced somewhat better growth. It was found, however, 
that the other salts, copper sulfate, calcium chloride, and zinc sulfate, could be 
omitted entirely without detectable alteration in the growth-promoting prop 
erties of the charcoal medium 

(jlucose is used as the source of carbon in Dubos base medium. This sugar 
cannot be autoclaved with the medium because of the danger of caramelization 
and the formation of products toxic to growth of mycobacteria. Since glycerol 
also serves well as a carbon source for tubercle bacilli and can be sterilized in 
the autoclave, this substance was used in the charcoal medium. The optimal 
concentration of glycerol, as might be expected, also varied somewhat with 
different strains of acid-fast bacteria; however, a final concentration of 0.5 to 
2.0 per cent led to good growth with all strains tested 

On Dubos solid medium containing albumin, the addition of a low concen- 
tration of oleate leads to a slight increase in colony size. The addition of oleate 
to the charcoal medium, however, did not result in detectable alteration in the 
growth of tubercle bacilli. It might be pointed out that casein (8) and agar (9 
are both known to contain fatty acids, and thus might have served as sources 
of the low concentrations of these substances necessary for good growth (4 

Growth of tubercle bacilli was extensive on charcoal-agar when the reaction 
of this medium was between pH 6.1 and pH 6.8; in a more acidic or a more 
alkaline environment, growth was poor or did not occur. The optimal reaction 
for growth was in the vicinity of pH 6.5 


Dispersion on surface of medium: It was found that the failure of drops to 


spread and dry on the surface of charcoal agar could be overcome by the addi 


tion to the medium of the nontoxic wetting agent Tween 80 (Hill Top Labora- 
tories, Inc., Cincinnati) or Triton A-20 (Rohm and Haas Co., Philadelphia 

A final concentration of approximately 0.01 per cent ol either of these agents 
led to a satisfactory change in the surface characteristics of the charcoal agar 


without appreciably affecting the growth of the mycobacteria 


Kaq-Y olk-—Agar Re lationships with Re spect to ( harcoal Medium 


After studying all of the above factors, it was disappointing to find that the 
revised charcoal medium was still somewhat inferior to oleic-acid—albumin and 
to egg media in regard to the amount of growth from a standard inoculum after 
a two- or three-week pe nod of incubation 

In another series of experiments, however, the charcoal medium was used in 
an attempt to determine the nature of the heat-stable growth factors for myco 
bacteria in egg yolk. These studies are presented in an accompanying communi 
cation (10), but will be discussed briefly at this point because some of the results 
were of importance in the further development of the charcoal medium. 


It was found that egg volk contained at least two heat-stable substances 
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which promoted the growth of tubercle bacilli under certain conditions in vitro 
One of these substances was identified as cholesterol: while the other, a com- 
pound of unknown nature, was intimately associated with the insoluble protein 
residue remaining after thorough extraction of egg yolk with organic solvents 


Cholesterol: The inclusion of cholesterol in the form of a stable aqueous sus 


pension in charcoal medium had numerous interesting effects. First of all, 


cholesterol distinctly promoted the growth of some strains of tubercle bacilli, 
especially BCG-Tice. Moreover, the addition of cholesterol to the medium 
altered the surface properties so that bubbles which were formed on agitation 
or on pouring ol plates tended to disappear spontaneously, thus rendering the 
preparation of smooth plates almost foolproof. This change in the character 
of the surface of charcoal agal brought about by cholesterol also was associated 
with a satisiactory degree ot spreading of the liquid inoculated on the plates, 
resulting in better distribution of the bacillary clumps and in much more rapid 
drying. Finally, cholesterol tended to increase the firmness of the surface of the 
agar gel: the importance ol this will be discussed in a later section of 
this communication 

Eqq-yolk insoluble residue: The growth factor which remained with the pro 
tein residue after organic extraction of egg yolk had a remarkably beneficial 
effect on the growth of tubercle bacilli on solid media. The addition of this 
insoluble material, in a concentration of 1 per cent, to charcoal agar media 
resulted in growth which was superior to that obtained on egg media or on ole 
acid—albumin agar. Although the activity of this egg-yolk residue was unaffected 
by autoclaving, the large amounts of insoluble material produced plates with 
uneven and unpredictable surfaces, rendering its use in routine culture media 
impracticable 

Relation of egg-yolk residue to agar: While work was in progress in an attempt 
to solubilize and to characterize this growth factor in the egg yolk residue, an 
observation was made which shed considerable light on 1ts probable mechanism 
of action. It was found that the extent of growth of tubercle bacilli on the char 
coal medium was markedly influenced by the concentration of agar used; the 
lower the agar concentration, the more rapid and extensive was the growth. The 
differences in growth in low and high agar concentrations were indeed striking 
after a three-week pe riod of incubation, as is demonstrated in the photographs 
presented in figure | The rate and extent of growth on plates containing low 
concentrations of agar (0.5 per cent) were comparable to those obtained when 
the egg-volk residue was added to charcoal medium containing higher concen 
trations of agal 1.5 per cent Hence, the following question arose: did the 
egg-volk residue contain a direct acting growth factor, or was it exerting its 
beneficial effect merely by counteracting the toxicity of the agar? 

The addition of egg-volk residue to charcoal plates containing low concentra 
tions of agar (0.5 per cent did not result in enhancement of growth. This ob 
servation suggested that the egg-yolk residue was actually a growth stimulant 
only indirectly, most likely by virtue of its capacity to detoxify agar 


Inhilntory effect of agar in relation to charcoal in medium: The inhibitory effect 
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of agar on the growth of tubercle bacilli might be partly due to its content of 
long-chain fatty acids (9) or other contaminating antimycobacterial substances 


It would be expected however, that the fatty acids would be bound by the 


charcoal in the medium (table 2). It is also known that agar is capable of binding 


ferric ion and perhaps other cations so as to render them unavailable to micro 
organisms (7, 11). In confirmation of this point, it was found that, in charcoal 
medium free of added tron salts, ten times as much soluble ferric oxide was 
necessary to give optimal growth in the presence of 1.5 per cent agar as was 
necessary in plates containing only 0.75 per cent agar. An increase in the con 
centration of iron (as ferric ammonium citrate, saccharated iron oxide, or hemin 
and addition of sodium citrate to maintain the iron in solution did in fact lead 


to improved growth of tubercle bacilli on charcoal-1.5 vev cent agar medium 


15 

+ 

10 “05 
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Nevertheless, even the addition of a large excess of iron salts did not lead to 
growth comparable to that which took place on plates containing only 0.5 per 
cent agar. These observations thus suggested that agar exerted its inimical effect 
on the growth of acid-fast bacteria in part via iron binding, but that other as 
yet unrecognized factors were also of importance in this regard 

Concentration of agar in standard® charcoal agar medium: Although the growth 
of tubercle bacilli was improved progressively as the agar concentration was 
lowered, a final concentration of at least 0.75 per cent agar was necessary in 
order to produce a medium firm enough to be manipulated freely. In the pres 
ence of a cholesterol suspension, which, as mentioned above, somewhat increased 


the firmness of the agar gel, a final concentration of | per cent agar seemed to 


represent the best compromise in terms of pro\y iding both satisfactory growth 


and a suitably solid medium. For certain special purposes, the concentration of 
agar could be lowered even to 0.5 per cent in order to obtain more extensive 


growth of the bacteria 


Properties of Standard Charcoal Agar Medium 


Growth-supporting properties compared with other media: In figures 
demonstrated the appearance ol the growth of tubercle bacilli on the present 
version of the charcoal agar medium which will be described in detail below. 
\ comparison ol growth of several strains of tubercle bacilli on charcoal ugatl 
and on oleic-acid-albumin plates is shown in figures 2 and 3. As may be seen 
in figure 2, when the inoculum was large, the growth of mycobacteria after 
incubation for three weeks was more extensive on charcoal-agar than on ole 
acid—albumin. The extent of growth of the various strains and characteristic 
features of colony morphology are also evident in the photograph \ similar 
comparison of charcoal and albumin media using a very small! bacterial inoculum 
(0 to 50 bacterial units) may be seen in figure 3. As is shown, growth was approx! 
mately equal after incubation for three weeks, with some relatively minor diffet 
ences in colony size and numbers of colonies, Figures 4 and 5 are photographs 
of growth from the same inoculum on egg-yolk (Lowenstein-Jensen), on olen 
acid—albumin, and on charcoal agar slants It is evident from these photographs 
that growth of the human virulent tubercle bacillus H37Rv on charcoal slants 
after incubation for three weeks was as good as or better than growth on egg or 
albumin slants, whether the inoculum was large or very small 

The final charcoal agar medium supported well the growth of all laboratory 
strains of tubercle bacilli tested. Although no significant study has yet been 
made of the efficacy of this new culture medium for recovering tubercle bacilli 
in specimens obtained from humans, mycobacteria obtained by grinding the 
organs of experimental animals, using the technique of Pierce, Dubos, and 
Schaefer (12), grew on this medium very well indeed. When serial dilutions of 
organ suspensions from mice infected with tuberculosis were plated on char 

? The term ‘‘standard”’ is used merely to facilitate the presentation, and refers to the 


particular version of the charcoal agar medium finally chosen as most appropriate for 


gener al use 
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Fig. 2. Comp on of growth of various strains of tubercle bacilli on oleic-acid-albumir 
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coal-agar and on oleic-acid albumin, essentially the same bacterial counts were 


obtained 
Rapidity al appearance ol growth The rapidity ol ippearance ol colonies on 


charcoal-agar was found to depend as it does with other types of me lia. on the 


size of the bacterial inoculum. When large numbers of tubercle bacilli were 
moculated tor example O.025 ora 100 dilution of ten-day old dispersed 
in liquid medium), colonies were visible to the naked eye as early as six 


minimal moculum (0.025 ml. of a 1: 1,000,008 


culture 
davs after inoculation. With a 


dilution of a ten-dav-old Tween" albumin culture gross colomes were not 


visible until incubation had continued for approximately fourteen days. The 


rapidity of appearance of colonies was roughly the same on egg, oleic-acid 


ulbumin. and charcoal media. Differences between these media became striking 
only on further ineubation. when the cultures on charcoal-agar continued to 
grow rapidly, extending laterally and heaping up to form impressive masses 


see figure 7 
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Fic. 3. ( omparison of growth of various strains of tubercle bacilli on oleie-acid albumu 
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Colony morphology on charcoal-agar medium 
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figure 6. The serpentine 
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characteristic of avirulent bacilli, Gross colony morphology also differed among 
irious strains of mycobacteria when they were grown on charcoal agar. Figure 7 
yhotograph of colonies of four strains of tubercle bacilli which 
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Fic. 6. Appearance of microcolonies on charcoal agar medium 

Top microcolonies of H37Ra. Bottom: microcolony of H37Rv 

Inoculum: 0.025 ml. drops of 1:10,000 dilutions in 0.01 per cent Norite-water of seven 
day-old cultures in Tween” -crystalline albumin liquid medium of H37Ra and H37Rv 

Incubation: for twelve dave at 38°C 

Photography: by J. A. Carlisle. Microcolonies of appropriate size were selected by view 
ing the agar surface under the microscope. Technique used for upper picture (H37Ra 
Transmitted light, open diaphragm, no filter x 192). Technique for lower photograph 
H37Rv): Transmitted light, diaphragm partially closed, No. 25 (red) filter. (< 124) The 


black particles of various sizes and shapes are charcoal 


Pre paration of Charcoal Agar Vedium 


Ihe directions for preparation of the presently used charcoal agar medium 


are as follows: 

Charcoal Agar Plates 
For 1,000 ml. of medium (makes 100 plates in small (5 em. in diameter) Petri dishes, or 40 
plates in large (9 em. in diameter) Petri dishes 


} gm. of sodium phosphate, dibasic, erysials (Na;HPO,-12 H,O, reagent grade 
i gm. of potassium phosphate monobasic KH,PO, reagent grade 
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Fic. 7. Mature coloni of irious strains of tubercle b li on charcoal agar medium 
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utes to drive off acetone and prevent foaming. Then autoclave at 15 pounds of pressure for 
fifteen minutes. Release the pressure slowly. When the flasks are cool enough to hold in the 
bare hand (40° to 50% mix well and pour plates (approximately 10 ml. per small Petri 
dish, or approximately 25 ml. per large Petri dish). The plates are allowed to dry by stand 
ing at room temperature or at 38°C. for twenty-four to forty-eight hours and are then 


ready for immediate use or for storage in the cold 


Charcoal Agar Slants 


rhe medium is made as per directions for plates given above. Instead of distributing in 
500 mi. flasks, the entire medium is heated to boiling on a hot plate in order to dissolve 
the agar. With frequent mixing to keep the charcoal in suspension, the hot medium is 
dispensed in 10 to 15 ml. amounts into serew-capped 25 by 150 mm. Pyrex test tubes. With 
the caps loosened, these are sterilized by autoclaving for fifteen minutes at 15 pounds of 
pressure. When cool enough to handle, the tubes are slanted on a suitable rack. It is ad 
visable but not essential to mix the tubes once again just prior to solidification in order 
to suspend the charcoal well. The slants are then incubated (with caps loosened) at 38° 
for at least forty-eight hours to permit evaporation of excess moisture 

Although the | per cent agar slants are adequately firm for the ordinary manipulations 
some care must be taken to avoid collapse of the agar gel. If possible, it is preferable t 
prepare, transport, and incubate the slants in the same position, that is, with the surface 
horizontal. Metal trays are commercially available (Baltimore Biological Laboratories 
which are convenient to use for these slants. When dealing with liquid material, it has 
been found convenient to inoculate slants by placing in each tube approximately 0.1 ml 
i drops), then spreading this fluid over the entire surface by carefully tilting the tube 
Drying is then allowed to take place in the slanted position, after which the caps are tight 


ened and incubation continued at 38°C 


l se of Norite in Liquid Vedia for the Cultivation oJ Tubercle Bacilli 


rhe problems concerned with the cultivation of mycobacteria in liquid media 
are considerably less complicated than those with solid media. Drea (15) first 
showed that in liquid media, provided the constituents and glassware are pre- 
pared with sufficient care, or provided the inoculum is large, growth of tubercle 


bacilli will take place in the absence of albumin or other crude biologic products 


ween” 80 is often added to liquid medium to produce dispersed growth. Com 
mercial Tween® contains a variable but appreciable amount of unesterified 
oleic acid, which inhibits growth unless albumin is present to bind it (17) or 
unless the size of the inoculum is sufficiently large so that the bacteria are able 
to metabolize the oleate and thus remove it from the environment (16) 

The effect of the addition of chareoal to liquid media for the cultivation of 
acid-fast bacteria was studied to determine if this heat-stable substance might, 


in at least some instances, be used in place of bovine plasma fraction V 


For the prelimin ar the base medium used was a slight modification of the Dubos 
base medium (see description above). This medium contained glycerol in place of glucose 
ulbumin was omitted, and no agar or oleie acid was added. To this base medium were added 
various amounts of Norite A and of Tween” 80. These tubes were then sterilized in the 
autoclave. A sterile solution of bovine pl wma albumin was added to similar tubes of base 
medium which had been autoclaved. The bacterial inoculum consisted of various dilutions 
in water of ten-day-old Tween”-crvstalline albumin stock cultures so as to produce fina} 


concentrations of 10 10 und 10°? of the stock cultures 
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rABLE 3 
COMPARISON ‘ROWTH-PROMOTING LE PrECTS OF CHARCOAL AND OF ALBUMIN IN 


Mepiem Cuvtrures or Tusperc ie Bacitu 
Attenuated Human Strain 


In Mediun 
e Added to the 
1 Medium,* 
tration, Per 


No addition 

Norite A 0.1 

Norite A 0.08 

Norite A 0.01 

Norite A 0.008 

Bovine albumin 0.1 
* See text for description of the base liquid medium 

+ Growth estimated incubation for three weeks at ind graded from 0 

growth) to +444 dense growth 


\s may be seen in table 3, even small amounts of charcoal, in liquid cultures 
which contained no Tween", served approximately as well as albumin in protect 
ing the bacteria anc’ permitting growth from very small inocula. When Tween" 
was present, larger amounts of Norite were necessary. In the tubes containing 
the larger amounts of charcoal, visual examination was difficult and the dispers 
ing effect of Tween" on the bacteria was neutralized. With a final concentration 
of 0.01 per cent Norite, however, the amount of charcoal was so small that there 
was no interference with visual or nephelometric observation. Moreover, this 
amount of charcoal did not perceptibly affect the dispersing effect of Tween" 
when growth occurred (with a large inoculum 


Observations were also made of the growth of tubercle bacilli in a charcoal liquid medium 


which was similar in its base constituents to the charcoal agar described above. This modi 


fied liquid medium had the following composition: NasHPO,- 12 HLO, 0.3 per cent; KH,PO, 
0.4 per cent; sodium citrate. 2 H.0). 0.05 per cent; lerri 


immonium citrate, 0.0025 per cent 
MgS0),-7 H,O, 0.01 per cent ; asparagine, 0.2 per cent 


sucto-tr ptone,0 per cent glvcerol 
I per cent; Norite A, 0.01 per cent. In some experiments, Tween” SO was included at final 
concentrations of 0.025 to 0.05 per cent. All ingredients of this modified liquid medium 
were sterilized in the toclave 


The modified ‘Tween*-Norite liquid medium described in the preceding 
paragraph was not effective in promoting growth when the numbers of tubercle 
bacilli inoculated were small. However, dispersed growth was obtained with 


consistency when the inoculum was large; for example, stock cultures of several 


laboratory strains of mycobacteria have been maintained in such a medium by 


transferring 0.1 ml. of a dispersed fourteen-day-old culture to 5.0 ml. of fresh 
medium 


Good growth of several strains of tubercle bacilli was obtained in the modi 


umm Conta Pe 
t Cent Tween® a 
I 
tock Culture k Culture 
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fied Norite liquid medium containing no Tween®, even when small inocula were 
used. In such a medium, the multiplying bacteria at first assumed the form of 
white clumps and flakes in the depth of the medium; after a few more days of 
incubation, growth appeared and proceeded at a rapid rate on the surface of 
the liquid. The exuberance of the surface growth suggested the possible use of 
the modified Norite liquid medium for cultivation of large quantities of acid 
fast bacteria. Using the techniques outlined by Dubos and Middlebrook (7), 
the growth of tubercle bacilli (H37Ra and BCG-Phipps) on the surface of liquid 
medium in Blake bottles was studied, comparing the yield obtained on the 
charcoal liquid medium and on a form of Dubos base liquid medium (containing 
additional casein hydrolysate, 0.05 per cent; magnesium sulfate, 0.1 per cent; 
sodium citrate, 0.5 per cent; and glycerol, | per cent). Essentially the same 
weights of bacterial cells were harvested from the surface of these media after 


incubation at 38°C for one month 


DISCUSSION 


The two most noteworthy features of the new charcoal agar medium are the 
use of Norite A in place of animal proteins to bind contaminating substances 
toxic to tubercle bacilli and the incorporation of cholesterol in the medium. 

Charcoal has been added to media for the cultivation of tubercle bacilli by 
previous investigators, for example, by Nassau (18); but in most instances the 
particulate carbon has been used along with complex biologic materials such as 
egg yolk or serum. No reports have been encountered describing a solid medium 
which can be sterilized in the autoclave and which will support in reliable fashion 
the growth of mycobacteria 

Charcoal might exert its favorable effect either by contributing a growth sub- 


stance, perhaps some soluble substance present as a contaminant of the carbon 


powder, or by adsorbing some compound or compounds inhibitory to the growth 


of the microorganisms. From the data of the present study, it seems safe to con- 
clude that the mechanism of action of the charcoal is primarily one of adsorp- 
tion. In support of this conclusion are the observations that washing the char- 
coal with various solvents did not alter its growth-promoting properties, that at 
least a mild degree of activation of the carbon particles was necessary, and, 
finally, that charcoal had the capacity to neutralize the antimycobacterial effect 
of fatty acids added to the medium 

The more extensive growth which occurs on prolonged incubation on charcoal- 
agar media as compared to egg or albumin media might be due to more effective 
adsorption by Norite of a toxic product of bacterial metabolism. It is also pos 
sible, on the other hand, that the undenatured proteins in serum media or the 
lipids in egg media undergo alterations on incubation which lead to the forma 
tion of substances toxic to the further growth of the bacilli. If this were true, 
the charcoal-agar medium, being free of undenatured proteins and of large 
amounts of unstable lipids, might well be less likely to yield such toxic products 


on standing 
Che beneficial effect of cholesterol in the Norite medium its undoubtedly due 
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in part to physicochemical changes which it brings about; for example, the al 


teration in the properties of the surface of the agar gel. Cholesterol does, how- 
ever, definitely stimulate the growth of certain strains of mycobacteria, par- 
ticularly BCG-Tice, in the charcoal medium. Whether cholesterol is a direct 
growth factor for certain strains of tubercle bacilli is not established for, like 
charcoal, it is capable of detoxifying fatty acids (19). Hence, the growth-pro- 
moting property of the cholesterol might be based upon neutralization of en 
vironmental conditions inimical to the growth of the bacteria 

The toxicity of agar for tubercle bacilli has been noted previously (7), but the 
studies on Norite agar provide a striking illustration of this relationship. In 
view of the agar toxicity, it is possible that media containing egg yolk or potato 
flour have come to be recognized as the most satisfactory ones for cultivating 
acid-fast bacteria, not because they contribute special materials which stimulate 
growth, but rather because they do not contain free inhibitory substances 

The antimycobac terial effect of agar may be based upon several factors. For 
one thing, commercial agar is recognized to contain appreciable amounts of 
fatty acids (9) and perhaps other contaminants which inhibit the growth of 
tubercle bacilli in vitro. Agar is also known to be capable of binding certain 
cations, for example, the ferric ion (7, 11), and may thus remove from the 
environment substances essential for bacterial multiplication. As the addition 
of an excess of iron to the medium only partially counteracts the inhibitory 
effect of agar, mechanisms other than iron binding are no doubt also involved 
Finally, in this connection it is conceivable that agar toxicity is in part related 
to the firmness of the gel per se and the physicochemical nature of the surface 
provided for bacterial growth 

It is perhaps worthy of mention that studies of culture media for the pleuro 
pneumonia group of organisms have led to observations strikingly similar in 
many respects to some of the present observations on mycobacteria. In both 
cases, growth appears to be promoted by the addition of cholesterol, by the 
addition of an unknown factor associated with egg-volk residue, and by lowering 
the concentration of agar in the medium (20) 

Many alterations in the Dubos base medium were made in order to improve 
the growth of tubercle bacilli or to simplify the preparation of the charcoal 
medium. These alterations included a change in the relative amounts of the 
phosphate buffer salts, the addition of sodium citrate, an increase in the con 
centration of ferric ammonium citrate and of magnesium sulfate, the elimina 
tion of copper, calcium, and zine salts, an increase in the concentration of casein 
hydrolysate, and the substitution of glycerin for glucose as the source of carbon 

It should be emphasized that studies of alterations in a culture medium for 
tubercle bacilli are difficult to evaluate because various strains of mycobacteria 
behave quite differently. It is thus manifestly impossible to develop a medium 
which is ‘‘optimal”’ for the growth of tubercle bacilli, for the ““optimal’’ medium 
must be defined in terms of a particular strain and particular problem. It is 
possible, however, to develop a medium which gives generally satisfactory over 


all results. The charcoal medium pre sented in this communication was de sige d 
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with the latter objective in mind, and further modifications may well be de- 
sirable to obtain better results under certain conditions. The number of variables 
in a culture medium is really enormous. The magnitude of the problem is readily 
appreciated when it is realized that a change in any one constituent or condition 
requires reinvestigation of each of the other components to determine if the 
concentrations and constituents are still optimal under the new set of conditions. 

The desirable characteristics of the charcoal agar medium are: (a) the in- 
gredients are readily obtainable at a reasonable cost, (b) the medium is more 
reproducible than egg or albumin media, (c) it is easy to prepare and may be 
sterilized in the autoclave, and (d) on the basis of observations made thus far, 
it appears to support growth of tubercle bacilli as well as or perhaps even better 
than media in common use at present. No doubt these properties render the 
charcoal medium more desirable than egg or albumin media, at least for many 
purposes. Nevertheless, there are obvious improvements which might be made 
in the Norite medium 

First of all, as mentioned above, the agar used in this medium is clearly in- 
hibitory to the growth of tubercle bacilli. At a final concentration of 1 per cent, 
this agar toxicity is not great, and it can be further reduced by using even less 
agar, but the gel then becomes so soft as to be impracticable for many purposes. 
If a suitable nontoxic solidifying agent could be found, or if the nature of the 
agar toxicity were well enough understood so that measures could be taken to 
eliminate or neutralize this effect, doubtless an improved medium would result. 
It would also be desirable to identify the growth factor for tubercle bacilli con- 
tained in enzymatic hydrolysate of casein. Studies done thus far indicate that 
this growth factor is not oleic acid, ferric iron, one of the common vitamins or 
amino acids or one of the ordinary types of inorganic or organic sulfur com 
pounds. It might be expected that the elimination of casein hydrolysate would 


improve the medium, as this material exerts an inhibitory effect on the growth 


of certain strains of tubercle bacilli (21) 

Charcoal is as effective as piasma albumin in promoting the growth of tubercle 
bacilli in liquid medium. Nevertheless, it is not practicable to use charcoal 
liquid media in certain circumstances because the high concentrations of Norite 
needed interfere with visual observation and neutralize the dispersing effect of 
wetting agents. The modified Tween®-charcoal liquid medium containing only 
0.01 per cent Norite A is not as effective as standard Tween®-albumin medium 
in promoting growth from very small inocula, but serves well for certain lab- 
oratory purposes such as the maintenance of stock cultures. Provided a reason 
ably large inoculum is used, satisfactory dispersed growth can be reliably 
obtained in this medium. When dispersed growth is not required, for example, 
in culturing large quantities of mycobacteria as surface pellicles, the modified 
charcoal liquid medium supports growth well, and large yields of bacteria may 


be obtained 


SUMMARY 


\ new medium has been developed for culturing tubercle bacilli. The essential 
ingredients used are inorganic salts, glycerin, asparagine, and activated charcoal. 
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The growth of mycobacteria on charcoal solid media is improved remarkably 
when, in addition to the components above, enzymatic hydrolysate of casein 
and cholesterol are included and when a rather low concentration of agar is 
used. This charcoal agar medium appears to promote the growth of tubercle 
bacilli as well as, or in some instances even better than, the egg or albumin 
media currently commonly employed. Oleic-acid~albumin and charcoal agar 
media have approximately the same capacity to initiate growth of human tuber 
cle bacilli from very small inocula. The characteristic features of microscopic 


and gross colony morphology of various strains of acid-fast. bacteria are similar 


on these two media. Charcoal liquid media have also been studied and found 


useful for certain laboratory purposes 

The charcoal agar medium has important advantages over media containing 
egg or albumin. The advantages include economy , reproducibility, ready avail 
ability, ease of preparation, and stability to sterilization in the autoclave 


SUMARIO 
Los Medios de ‘ ‘ Vegetal para el Cul los therculosos 


Een el nuevo medio elaborado para el cuitivo del bacilo tuberculoso, los ingredientes 
esenciales son sales norganicas glicerina isparagina \ carbon vegetal activado 

La proliferacién de las microbacterias en medios sélidos de carbon vegetal mejora not able 
mente cuando, ademas de los componentes mencionados, se agregan hidrolisato encimatico 
de casefna y colesterol y cuando se emplea una concentracion algo baja de agar. kiste medio 
de agar-carbén vegetal parece fomentar el desarrollo de los bacilos tuberculosos tan bien 
como los medios de huevo o albdmina utilizados actualmente, y en algunos casos, hasta 
mejor. Los medios de albdmina-dcido oleico y de agar-carbon vegetal muestran aproximada 
mente la misma capacidad para iniciar el crecimiento de bacilos tuberculosos humanos pat 
tiendo de inédculos muy pequefios y las caracteristicas tipicas de la morfologia macro y mi 
croscopica de las colonias de varias cepas de bacterias Acidorresistentes son semejantes en 
esos dos medios 

1 medio de carbén vegetal posee, sobre los medios que contienen huevo o albdmina, las 
importantes ventajas de la economia, reproducibilidad, accesibilidad, facil preparacién y 
estabilidad a la esterilizacién en el autoclave 

También se han estudiado medios liquidos de carbon vegetal, resultando dtiles paraciertos 


trabajos de laboratorio 


RESUME 
Milieux au charbon pour i bacill verculeugz 


Un nouveau milieu a été mis au point pour la culture du BK. Les éléments essentiels 
qui le composent sont des sels inorganiques, du glyeérol, de l’asparagine et du charbon 
activé 

La croissance des mycobaciéries sur les milieux solides au charbon est particuli#rement 
améliorée lorsqu’on ajoute aux composants mentionnés |’hydrolysat enzymatique de caséine 
et le cholestérol avec en utilisant une proportion relativement faible d’agar. Ce milieu agar 
charbon semble faciliter la croissance des bacilles tuberculeux aussi bien, et méme parfois 
mieux, que les milieux A l’oeuf ou aA |’albumine couramment employés. Les milieux agar 
charbon et acide oléique-albumine ont sensiblement la méme capacité de favoriser la 
croissance du bacille tuberculeux A partir d'un inoculum trés réduit, et les caractéristi 
ques morphologiques, histologiques et macroscopiques des diverses souches de bactéries 
acido-résistantes sont les mémes pour les deux milieux 


Le milieu au charbon offre sur les milieux A loeuf l’avantage de l'économie et la 
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facilité de le reproduit ob at préparer, et » la stabilité quand il est 


stériiieé al autoclave 


Des milieux liquides i ' " ‘ également étudiés et ils ont été trouvés utiles 


pour certains tra iti 
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INTRODUCTION 


The use of eggs in media for cultivation of tubercle bacilli has been widespread 
since the introduction of Dorset’s medium in 1902. Nevertheless, the properties 
or constituents ol the egg which render it desirable for growth of mycobacteria 
have never been « ompletely elucidated. Some years ago this problem was studied 
DY Boissevain and Schultz (1), who found that the growth enhane Ing property 
ol egg yolk resided, at least in part, in the phospholipid lraction 

In a previous communication from this laboratory, it was reported that certain 
forms of activated charcoal were capable ol protecting tubercle bacilli and of 
promoting their growth from small inocula. This made possible the development 
of a culture medium which was reproduc ible, stable to sterilization in the auto 

ve, and free of growth factors which might be contained in biologic materials 
such as egg, starch, or animal serum protein (2). The present communication 
reports the results of studies using this new medium as a teol for reinvestigating 
heat-stable growth factors in egg volk 


METHODS 


All experiments were carried out on solid media containing a final concentration of 1.5 
per cent agar and 0.1 per cent Norite A. The base medium varied during the course of 
the studies and will be described for each experiment as indicated. As the investigation 
was limited to a irch for heat-stable growth factors, materials to be tested for growth- 
enhancing activit vere mixed with the medium and sterilized along with it in the auto- 


clave 


The individual media containing various substances to be tested were placed in flasks 


or large test tubes and heated for fifteen minutes at 15 pounds of pressure in the autoclave 
When cooled to 40° to 50°C the contents were mixed well and duplicate plates were poured 
in sterile Petri dishes. After standing at room temperature or at 38°C. overnight to permit 
evaporation of excess water, the plates were inoculated with 0.025 ml. drops of dilute sus 
pensions of various strains of tubercle bacilli in water or in 0.01 per cent Norite-water (3 
rhe plates were wrapped loosely in plastic bags to avoid drying during the period of in 
cubation. After two to three weeks at 38° the extent of bacterial growth was estimated 
ind graded from 0 (no growth) to +++ +4 +4 (very heavy growth). Control plates containing 
no added egg-yolk fraction were always included for purposes of reference 

\t first eggs were purchased from a local grocer and, after careful separation of the 
whites, the yolks were treated in a variety of ways and then used in the tests. Later, when 
relatively large amounts of egg volk were needed for the chemical fractionation procedures 
dried egg-volk solids were obtained in bulk from Henningsen, Inc., Springfield, Missouri 


From the Laboratories and Hospital of The Rockefeller Institute for Medical Research, 
New York 21 New York 
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RESULTS 
Pre sence of Heat Stable (rrou th Fac lors in 


The initial experiment was designed to determine if egg yolk contained heat 
stable growth factors for tubercle bacilli 


of Dubos (4) with the substitution of 0.5 per cent 

lof 0.1 per cent Norite A for the oleic-acid-albumin com 

plex. (ine I i 44 ik was added to 250 ml. of this medium and, after thoroug! 
mixing, the suspension was sterilized in the autoclave. The egg-volk proteins were 


coagul ited b the heating, but vigorous sh king of the flask sufficiently dispe rsed 


the solids so that plates could be poured. Even though these plates containing 
egg-volk coagulum were opaque and had unsatisfactory surfaces, growth could 


readil he observed on them 


It was found that the addition of egg yolk to the original charcoal agar medium 
resulted in enormous stimulation of both rate and extent of growth of tubercle 
bacilli. Thus, it was indicated that egg yolk did indeed contain compounds 
which promoted the multiplication of mycobacteria under these conditions 

As the next step, egg yolks were boiled with water, with weak acid, or with 
weak alkali. After cooling to room temperature, the precipitates were separated 
by filtration through paper. When the filtrates were added to charcoal agar 


media, no enhancement of growth was observed. It appeared, therefore, that 


the egg-yolk growth factors were insoluble in water, or else they were firmly 
associated with the residue removed by filtration 

In view of the failure to extract the growth factors in simple aqueous solutions, 
egg yolks were extracted with various organic solvents. The soluble fractions and 
the residues were then examined for their effect on the growth of acid-fast 


bacteria on charcoal ugal medium 


One clean egg volk was added to 100 ml. of methanol, of acetone, and of 1:1 diethyl! 
ether -O5 per cent ethano These mixtures were thoroughly agit ited and allowed 
to stand at room te mperature for two hours, after which the solid material was 
collected on filter paper The filtrates were evapo! ited to dryness on a steam 
bath und the residues from this evaporation were suspended in 25 ml. of 0.1 per 
cent Triton A-20 in water The stable suspensions which formed were added to 
the medium as outlined in table 1. The precipitates were pulverized after drying 
it room temperature and were then incorporated in various concentrations in a 
medium identical to that described above. In a duplicate set of plates the same 
medium was used except that Norite A was omitted. The inoculum for these ex 
periments was a loopful of a 1:10,000 dilution in sterile distilled water of a dis 
persed culture of BCG-Phipps grown in Tween” liquid medium (containing no 


ilbumin) b wing « large inoculum 


(s is shown by the results presented in table 1, the material extracted from 
egg yolks by organic solvents did manifest a slight stimulating effect on the 
growth of the attenuated bovine tubercle bacillus BCG-Phipps under these 
conditions. None of the substances soluble in organs solvents was capable ol 
protecting the bacilli so as to permit their multiplication in the absence of 


charcoal. It was somewhat surprising to find that the fractions of egg volk 
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rABLE 1 


or FRACTIONS Youw Oprat 


XTRACTION WITH ORGANIC SOLVE 


Methano 
Methanol sol 
Meth 


Methanol insoluble 
Methanol insoluble 
Methanol insolubl 


Acetone oluble 
Acetone oluble 


Acetone soluble 


Acetone tnsolubl 
Acetone tnsoluble 


Acetone tnsoluble 


soluble 
soluble 


Ether-ethanol soluble 


Eether-ethanol insoluble 
KEther-ethanol insoluble 


Ether-ethanol insoluble 


None 


insoluble in organ solvents exerted an IMpressi ve stimulatory effect and 
permitted the growth of bacilli in the absence of Norite. Since these insoluble 
fractions doubtless consisted largely of protein, they might well have protected 
the bacteria by adsorbing toxic substances such as fatty acids. If so, it is worthy 
of note that, in contrast to plasma albumin, the protective effect of egg-yolk 
protein was apparently not destroyed by heat denaturation 

Probable presence of two growth factors in egg yolk: The presence of growth 
promoting activity in both the soluble and the insoluble fractions obtained when 
egy volks were extracted with organic solvents suggested two possibilities the 
growth factor was only slightly soluble or only partially liberated in the organi 
solvent ; or there were two or more growth factors. In pursuit of these possibilities, 
egg yolks were extracted with 1:1 ether-ethanol, and the residue was then 


repeatedly extracted with fresh solvent of the same composition. Growth 


promoting properties were found in the soluble portion ol the first extraction 
but not in the subsequent supernatants. By the same token, the final residue 


which had been thoroughly extracted with ether-ethanol still exhibited re 


Toe berect oN Growth 00 
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markable growth-stimulating activity tor mycobacteria. The evidence pointed 


therefore, to the existence of at least two growth factors in egg yolk 


Investigation of the Nature of the kaq-Y olk Growth Factor Soluble in Organic Solvents 


ether extracts of egg yolk were fractionated by appropriate chemical manipula 
tion into saponifiable and nonsaponifiable portions The nonsaponifiable lraction 
as further divided by evaporation from methanol solution and by partition 
between 85 per cent methanol-water and petroleum ether into its main con 
tituents, namely terols and carotenoids. These fractions were then examined 
for thei capacity to ¢ nhance the growth of tubercle bacilli by adding lriton- 
water suspensions of them to charcoal agar media, using techniques similar to 
those described in the preceding section. The saponifiable fraction was found to 
be highly toxic to tubercle bacilli, probably because of the sodium salts of the 
fatty acid present therein. The carotenoid fraction was without effect on the 
growth of mycobacteria under the conditions used The sterol fraction, sur 
prisingly, markedly stimulated the growth of certain strains of tubercle bacilli 
especially Tice, and promoted mildly the growth of numerous other 
strains. Since the principal sterol present in egg yolk is cholesterol, the effect of 


this compound vas next tested 


ollowing compositior 


For this experiment nodihed charcoal medium having the 
wed: Na,HPO, 12HA), 0.63 per cent; KH,PO,, 0.1 per cent; asparagine, 0.2 p 


enzymatic hydrolysate wein, 0.2 per cent; MgSO,-7H,O, 0.01 per cent; ferric ammoniun 


er cent; pH 


6.8. Solution th f lestero d of the ether nonsaponifiable trac 


citrate, O.O1 per cer glyvcero per cent; Norite A, 0.1 per cent; agar, 1.5 


egg olk were dded to t dium. Ineluded for comparison was the additior 


medium of jUeOUS Susp on of the residue remaining after ether extractior 


eva volk. Plat ‘ ptr ired the usual fashion and were inoculated with 0.025 mil 
1: 10.000 dilution in cent Nomte A-water of ten-da old Tween” -albumin stoech 
tures of the of tubere cilli listes i} Che degree of growth after ine 


at OR for \ te | m recorded in the table 


\s is shown in table 2. the ether-soluble nonsaponifiable fraction of egg volk 
and the solution of holesterol had identical effects on growth of the strains 
tested, producing a moderate stimulation of BCG-Tice and a slight enhancement 
ol growth of BCG Phipps From this result it seemed safe to conclude that the 
substance in the ether-soluble, nonsaponifiable fraction of egg yvolk which 


promoted the growth of certain strains of tubercle bacilli was cholesterol 


Also notable in table 2 is the marked degree of growth enhancement brought 
ibout by the ether-insoluble residue. This residue was appreciably more active 
than cholesterol or the ether-soluble, nonsaponifiable fraction of egg volk, and in 
addition promoted the growth of all strains tested The se differences then sup 
ported the contention that there were in egg yolk at least two different agents 


affecting favorably the growth of tubercle bacilli on « harcoal agar medium 


Growth Factor Insoluble in Organic Solvent 


Pre sence of growth n material other than egg jolh It was of interest to 


determine if a heat-stable substances promoting the growth of tubercle bacilh 
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rABLE 2 
ru-PROMOTING 


ERTAIN FRACTIONS © 


Nonsaponifiable frac 


material soluble 


could be demonstrated in biologic materials other than egg yolk. For this purpose, 
pools of guinea pig organs were extracted thoroughly with acetone and the 
residues were examined, using techniques identical to those described above 
The acetone-insoluble fractions of all guinea pig organs t sted (liver, kidney, 
lung, muscle) markedly stimulated the multiplication of tubercle bacilli under 
these conditions, showing that the substance responsible for this effect was 
probably widely distributed in animal tissues 

Studies with powdered egg-yolk solids: For the studies of the nature of the 
growth factor which was insoluble in organic solvents, powdered egg-yolk solids 
obtained from Henningsen, Inc , Springfield, Missouri) were used. This prepara 
tion stimulated the growth of tubercle bacilli on charcoal medium, but it was 
found to be toxic when added in concentrations higher than 0.3 per cent Lhe 
toxicity of the egg-yolk solids was probably related to their fatty acid content, 
for extraction of the solids with diethyl ether or with ether-ethanol left a tan 
to colorless powder which exhibited striking growth-enhancing capacity and was 
nontoxic to tubercle bac ili, even at a final concentration in the medium of 5 
per cent 

The defatted egg-yolk solids were next subjected to various conditions and 


then tested for their effect on the growth of mycobacteria in order to learn some 


thing about the stability and nature of the growth factor. It is not practicable 


to present the details of these experiments, but the following observations were 
made. First of all, incineration of the powder led to destruction of its growth 
promoting activity, indicating that this activity was more likely due to organic 
than to inorganic constituents The ether-extracted powder was soluble in 
dilute alkali and its activity was not altered by exposure to the alkaline environ 


ment: dialysis through cellophane of mildly alkaline solutions of the egg volk 
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Fraction of egg olk ins ible in ether 4 <f 
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powder released no detectable growth promoting substances into the dialysate 
\lso, the ether-extracted egg-yolk powder retained its full activity after being 
boiled under reflux for f hours in 33 per cent ethanol at pH 5.0 
ll of these results s sted strongly that the growth promoting agent was 
Intimately associated 1, or actually a& part of, the proteins of egg yolk 
Enzymatic digestion of eqq-yolk solids: According], experiments were done In 
vhich ether-extracted egg-yolk solids were subjected to enzymati proteolyti 
digestion in an attempt to obtain the active material in solution for further 
fractionation and purification. At first the experiments using proteolytic enzymes 
vielded perplexing results; only on occasions was a solution obtained which 
promoted growth. Finally, however, reproducible results were achieved when 
the conditions of the digestion, including the time of exposure, were carefully 


controlled 


gm. of etl ted olk solids and 
uspended in 400 ml. of distilled water. Preliminary experi 


cysteine inide was undesirable. This mixture 


we } tion was maintained at pH 6.0 t 


s were reme ved prompt ifter one hour. after four ho 


tion. Kach sample was autoclaved at 15 pounds of pressure 

mm temperature, and filtered through paper The filtrates 

tates were washed thoroughly with acetone, air dred 

ind relent | These filtrates ind suspensions of the precipitates were 
then mi vith ane j il ot ao trength medium, autoclaved ind poured into 
composition to the modified charcoal agar deseribed 

te was omitted, cholesterol was included in a final con 

final pH was 6.5. The duplicate plates were then inocu 

10.000 dilution in O.OL per cent Norite-water of stock 


trains of tubercle bacilli listed in the 


The result presenter n table 3 show that substances promoting the growth 
ol tubercle baci ere released into solution from ether-extracted egy volk 
powder when this material was exposed to enzymatic digestion with papain 
The growth-stimulating activity of the filtrate was maximal after four hours of 
digestion, but was markedly reduced when digestion was continued for twenty 
hours. It is also noteworthy that the insoluble material remaining after digestion 
ind heating in the autoclave retained its activity almost unchanged throughout 
the period of dig n. Several possible explanations might be given for these 
results: The ether-extracted egg-volk powder might contain more than one type 
of growth-stimulating ibstance The active material in solution might be a 
partially degraded prot for example, a peptide. The active material might be 
unstable alter being rr i! solution. Brief proteolysis might release pre 
dominant Vy stim tor’ il ~ while on prolonged incubation toxic ma 
terials were formed wl ) neut ized this effect. No further evidence has been 
obtained to establis vhich of these possibilities is most likely 

(rrowth p omotion nonp olew atances now conatiluents of 
The observation that proteolytic digestion did release some growth factor for 


tubercle demo d that other than the Intact protein 


' 
For the experiment exe ‘ 
OS em. of pi er 
ments established tl he addition of ee 
table 


ispension of 


icted egg 


eriment 


ED COMPO 


LARCOAT 


chum pantothe 


ira -aminopenzol 


Riboflavin nor l per « 
Ascorbic acid it O.O1 per 
Calcilerol sligh especial 

it 0.005 per cer 

Cholesterol Slight (especiall 

OO] 0.1 per ee 

so 0 it O.OL per 
Bile salts no O.0O1 pe 

Menadione rm 0.001 per 

Phthiocol 0.003 per 


tocopherol sodiun 
oOo] per 
O01 per 
per 
| per cen 
0.3 per « 
OO] 


rABLE 3 
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I I RIR 
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* See text for ade the procedure 
rABLE 4 
or Vat VITAMI » Ry (it TURBERCLI 
BACILLI ON THE C/T 
t \ 
I 
Vitamin A palmitate me at LOO per n (wn per n 
yx and 8 carotene none at O.OL per cent tv per cent 
lhiamine one at O.O1 per cent it O.1 per cent 
Pyridoxine one at 0.01 pe cent slight at O.1 pe cent 
EEE ed e at O.O1 per cent it O.1 per cent 
B none at 2 per one at 2 pe i 
ent or lower! one t 0.1 per cent 
cent it O.1 pe cent 
BCG -Tiee it O.5 per cent 
BCC -Ties nom t O.1 per cent 
ce none it O.LOL per cent 
cent it O.1 per cent 
cent it OO] per cent 
cent it O.OL per cent 
ent o lower none it O.1 per cent 
ent it O.1 per cent 
ent it OL per cent 
ent or lower none at OO] per cent 
t and lower! none at | pe cent 
mt ind lower atu per cent 
ent and lower it O.05 per cent 
Indoleglvo ‘ at per cent or lower none at 0.08 per cer 
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molecules were involved As a consequence, experiments were done to test 
empirically the effect on the growth of acid-fast bacteria of humerous com 


pounds which might be present in egg yolk or in the proteolytic hydrolysate 


For these tests, the medium was identical to that described in the preceding section deal 
ing with enzyma digestion. The substances to be investigated for their effect on growth 
vere dissolved i itp solvents and were added in various concentrations to charcoal 
medium. The nix vere sterilized in the autoclave The duplhi ite plates were then 
inoculated 7 drops of a 1:10.000 dilution of 0.01 per cent Norite-water of stock 
Tween” -crystallir bumin cultures of BCG-Tice, BCG Phipps ind RIRv 


Various known vitamins and growth factors were first investigated. The 
compounds used and the results obtained are listed in table 4. It is apparent that 
none of these substances appreciably enhanced the growth of mycobacteria under 
these conditions 

rhe stimulatory activity of papain digests of egg-yolk powder suggested that 
perhaps an amino acid, an amino acid mixture, or a peptide was acting as a 
growth factor. As is shown in the results presented in table 5, none of the common 


amino acids had a detectable beneficial effect on growth, nor did a mixture of 


these amino acids. An enzymatic hydrolysate of casein did promote growth, 


but this effect was not so marked as that obtained with the papain digest of 
egg-volk powder. The nature of the growth factor for tubercle bacilli which is 


rABLE 5 
Amino Actps AND Amino Actp MIXTURES ON THE GROWTH OF 


Tusercie on CHarcoat Meptia 
Effect on Growth of Tubercle Bacilli 


Inhibitior 


pL-le ucine 4 lower none at U 2 per 
L-phenylalanine none at 0.2 per cet lower none at 0.2 per 
L-arginine HC} none a lowe! none at 0.2 per 
L-hvdrox proline none at . . lower none at 0.2 per 
pL-methionine none at : . lower marked at 0.01 
t.- histidine none 2 per ce lower none at 0.2 per ce 
pi-serine none 4 » lower ot RIRy above 0.05 per cent 
DL-tryptophan none > per c lower of BCG-Tice above 0.01 per 
cent, of RIRv above 0.05 
per cent 
L-proline nom ) per cent or low none at 0.2 per cent 
j-alanine none per cent or low of RIRv at 0.2 per cent 
Mixture Hn eq volumes 0 2 in the medium none at I: in the medium 
of | per cent 
imino acids listed abov 
knzymatic hvydrol ‘ moderate of RIRv at 0.2 per none 
casein o-Trypton no effect on BCG strains 
Difco 
Papain digest oluble frac marked of RIRv and of BCG 
tion) of ether-ext t 1:2 in the medium 


egg olk solids 


Due \ Kl 
het e Added to the M 
timulatior 


YOLK ROLI IN GROWTH OF M rUBERCULOSIS 


COROWTI 


Meprum 


t 0.1 per cent 

t 0.1 per cent an 
t O.OO1 per cent 

Sodium t oglve te nor t 0.01 per cent or lower ight at OO] 
Thiourea no 0.01 per cent or \ slight at 0.008 
Thioglvcero nor t 1 per cent or lower it 0.05 per e 
emulsion of sulfur er none at 0.005 per cent orlower at 0.005 pe 
Sodium 2-bromtoluene 5 j nol t 0.1 per nt or lower none at 0.1 

fonate 

Potassium thir imate none at 0.1 per cent or lower slight at 0.1 per 
Sullanitie acid nor it O.OL per cent it O.1 per cent 
Phioeytosine no at per cent it per cent 


Sodium thiob rate nor it 0.1 per cent or on it O.1 per « 


contained in enzymatic hydrolysates of casein is unknown. Hence, it is pointiess 
to speculate about the relationship between this agent and the one present in 
papain digests of defatted egg yolk 


Egg yolk is known to contain relatively large quantities of sulfur compounds 


On the chance that one of these might be responsible, at least in part, tor the 


beneficial effect on the growth of tubercle bacilli, numerous organic sulfur com 
pounds were tested. As is shown in table 6, none of these stimulated growth 
appreciably 


Role of Agar in Mechanism iclion 0} olk Powder 


\t this stage of the investigations, an observation was made which shed 
considerable light on the probable mechanism of action of the egg-yolk powder 
It was found that the growth of tubercle bacilii on the charcoal agar medium 
was related to the concentration of agar used ; the lower the agar concentration, 
the more rapid and extensive the growth (2). It became necessary, therefore, to 
consider whether or not the ether-extracted egg yolk might be fostering growth 
by neutralizing the toxicity of agar, rather than by adding a nutrient factor to 
the medium. 

[It was found that the growth-enhancing effect of defatted egg yolk diminished 
as the concentration of agar Was reduced. In fa t. when the final concentration of 
agar was only 0 5 per cent, the addition of even large amounts of egg-yolk powder 
had no effect on gro vth of tubercle bacilli on charcoal medium. This observation 
strongly suggested that, in solid media containing standard amounts of agar, the 
egg-volk preparation was indeed exerting its effect primarily by neutralizing the 


growth inhibiting properti ol the agal 
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USSLON 


\fter more tha mill Vv of investigatior ind practical app 
VolK remains the tw used materia n media for the cult 
tubercie bac Th - ould seem to be evidence that « 


VOIK POssesses 


some property or ibstance which favors the multiplication of these micro 
organisms Howe no true growth factor for mycobacteria has ever been clearly 
identified as a constituent of the egg 


Some yeu! wo Bosse un and Schultz demonstrated that egg-volk phos 
pholipid exerted a benehecial effect on the growth of tubercle baci especially 
vhen the inoculum i mail (1 It was subsequently demonstrated by Dubos 
that one of the phospho ipids sphingomye in. Was capanle ol protecting 
bacteria from the nhibitory effect of fattv acids ) Ihe itter observation 
uggests that the y-' effect observed by Boss ain is mediated by a 
imilar mechanism, namely, the yolk phospholipids were not direct growth 
factors for tubercle bacilli, but rather served to protect them from environmental 
factors inimical to their multiplication 

Lhe present studs how that cholesterol, which ts present in large amounts 
in egg VOIK, 1 Capable of fostering the growth of certain strains of mycobacteria 
under defined laboratory conditions. Whether cholesterol is a true growth factor 
for tubercle bacilli cannot be determined with the information available at 
present It might " pomted out that this substance ts thought to be an es 


sential growth factor for othe microorganisms, in uding those of the pieuro 
pneumonia group (0 As cholesterol is also capable of “detoxifving” fatty acids 
7), however, it is possible that it acts on the growth of tubercle bacilli only 
indirectly in a fashion similar to that described for sphingomyelin 

The residue remaining after extraction of egg volk with organic solvents 
exerts a remarkably timulating effect on the growth of tubercle bacilli on 
charcoal war media The substances responsible for this effect have not vet 
been chemically defined. Nevertheless, it appears that they may also act, at 
least in part indirectly Is ase by counteracting the toxicity i agar tor 
the bacilli 

Agar is thought to exert its toxic effect on the growth of mycobacteria by at 
least two means First, commercial agar contains variable but apprec iable 
amounts of fatty acids (8) which, if present in the medium in excess or in a state 
not bound by the charcoal, might well inhibit growth of the microorganisms (9 
Second, ngut has the capacity to bind the ferric ion and perhaps other cations 
ind by this action might render the medium deficient for bacterial multiplication 
1, 10). The egg-yolk preparations thus might neutralize the inhibitory effect of 
agar either by adsorbing toxic substances, such as fatty acids, or by adding iron 
or other cations to the medium ina form available for use by the microorganisms 

It appears therefore, on the basis of studies done thus far, that the role of 


egg volk as an ingredient of culture media for tubercle bacilli might not be 


to supply specific compounds which are metabolized by the bacteria and which 


directly stimulate their growth On the eontrary the role of egy volk is ap 


parently attributable to its abundant content of substances proteins phos 
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INTRODUCTION 


Tubercle bacilli may be injured or even killed by eyposure to certain relatively 
mild biochemical conditions (1). For example, even low concentrations of long 
chain tatty acids such as oleic o1 palmitic acid, or of certain cations such as 
manganous lon, exert a toxic effect on acid-fast bacteria in aqueous suspension 
2,3 hese substances or other antimycobacterial substances may contaminate 
laboratory glassware, or may be transferred from the tissue or from the culture 
medium serving as the source of the bacilli. Hence, it is highly advisable, in 
employing a diluent for washing or suspending mycobacteria, to use a solution 
which protects them from noxious influences in the environment. It has been 
demonstrated that a protective diluent is essential in order that reproducible 
results may be obtained i laboratory studies dealing with the enumeration of 
tubercle bacilli (4). Recent work also suggests the importance ofcareful manipula 
tion of tissue specimens to be examined for mycobacteria (5 

lwo types of diluents for suspensions of tubercle bacilli are in use at present 
One, exemplified by Corper’s diluent (6), is a balanced salt solution which con 
trols the pH of the environment and pu rhaps also protects the bacteria from the 
toxic effects of ionic imbalance. The balanced salt solution is ineffective, how 
ever, in neutralizing the antimycobacterial activity of fatty acids and, in all 
ikelihood, of other substances. The second diluent widely used for tubercle 
bacilli is a solution of bovine plasma albumin in distilled water. The albumin 
is capable of binding and thus removing from the environment trace amounts 
of fatty acids and perhaps other substances toxic to tubercle bacilli (7). Although 
albumin solutions have proved quite satisfactory as diluents, their preparation is 
burdensome at time ind is somewhat uncertain, as they are usually terilized 
by passage through bacterniologic filters. The presence of bovine albumin in the 
diluent is also disadvant wweous Ih some instances, since myection into human 
beings or experimental animals is likely to lead to sensitization to the foreign 
protein 

lhe observation that certain types ol charcoal are « ipable of protecting tu 
bercle bacilli from the toxic effects of fatty acids and perhaps other as yet 
unrecognized substances (8) suggested the possible use of suspensions of charcoal 
as a protective diluent for tubercle bacilli. The present communication is con 


cerned with the results of experiments done to examine this possibility 


MATERIAL AND METHODS 
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OBSERVATIONS 


\s may be seen in table 1, the numbers of viable bacterial units decreased 
significantly when suspensions of tubercle bacilli in distilled water, in ¢ orpet 
balanced salt solution, or in phosphate buffer were kept in test tubes which 
had been washed with soap and rinsed in tap water. In contrast, when charcoal 
vater, charcoal phosphate buffer, or bovine albumin solutions were used as the 
suspending medium, there was no « hange in the number of viable bacterial units 
after one day, and only as ight and (jue stionably significant reduction after one 
week. When test tubes washed in a nontoxy detergent Igepal vere employed 
the differences were less Impressive but were nonetheless similar. The protective 
effects of O.O1 per cent and 0.1 per cent charcoal (Norite A) suspensions were 
not appre iably different under the conditions used in these tests; however, the 
suspensions containing the lesser amount ol charcoal were more desirable for 
Visual examination and for manipulation It is possible that the higher concentra 
tion of charcoal might be required in an environment containing more toxi 
substances 

Che protective effect obtained with Norite-water and with albumin solutions 
was essentially the same Although the results present« 1 in table 1 suggested 
that SUSPENSIONS OF charcoal in phosphate buffer at pil 6.8 exerted a protective 
effect somewhat greater than that of charcoal-water or albumin, the differences 
were not large enough to assume significance 

Charcoal-water suspensions and ‘plasma albumin solutions have markedly 
different surface characteristics. Two possible sources of error were therefore 
present in the « xperiments described above first, there might have been differ 
ences in bacterial clump size in these two media; second, the volume of fluid 
retained in the bacteriologi Loop might have differed somewhat. One additional 
experiment was done to investigate this matter further 

The set » tu sed in this experiment washed 
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TABLE 2 
COMPARISON OF THE ProTecTiIVE Errects oF ALBUMIN SOLUTIONS AND CHARCOAI 


St NSIONS IN THE PRESENCE OF TwEEN® 80 


Numbers of Viable Bacterial Units 
per MI. of the Suspension 
Diluent After Standing at Room Temperature for 
ed Water Con 
Concentrati 
0 Hours 24 Hours 
BCG-Phipy BCG-Tice BCG 


0.1 per cent albumin 

0.1 per cent albumin plus 0.02 per cent 
Tween” 80 

0.01 per cent Norite A 

0.01 per cent Norite A plus 0.02 per 


cent Tween si) 


then removed immediately after mixing and after standing in the dark at room temperature 
for twenty-four hours. The numbers of viable bacterial units in these samples were esti 
mated by plating duplicate measured 0.025 ml. drops on Dubos albumin agar and counting 


colonies after incubation for nineteen dave at 38°C 


As may be seen in table 2, the counts were the same (within the range ol error 
of the tec hnique s employed whether the diluent was a 0.1 per cent solution of 
bovine albumin or a 0.01 per cent Norite A suspension. The addition of Tween" 
80 to these diluents did not appreciably alter the count at the time of the im 
mediate or of the twenty-four-hour determinations. These experiments therefore 
indicated that albumin solutions and Norite suspensions were equally effective 
as diluents under these conditions; apparently neither of these agents brought 
about an alteration in bacterial clump size which was affected by the wetting 


agent Tween® 80 


DISCUSSION 


rhe experiments presented above establish that aqueous suspensions of a 
type of activated charcoal, Norite A, may be used as a diluent for tubercle 
bacilli. This charcoal-water is approximately equal to bovine albumin solutions 
and is distinctly superior to Corper’s balanced salt diluent in protecting myco 
bacteria from the toxic effect of certain substances which may contaminate 
laboratory glassware or may be present in tissue preparations In contrast to 
plasma albumin, Norite A is readily available and heat-stable at neutral reac- 
tions 

Although precise information is not available concerning the mechanism 


by which charcoal protects the bacteria, it is reasonable to assume that this 


activity depends on the well-recognized adsorptive capacity of activated carbon 


particles It is known that charcoal does indeed bind fatty acids (8, 9, 10 

one group ol substances known to exert an antimvcobacterial effect im vitro 
As carbon adsorbs many different types of chemicals, it is possible that the 
protective efiect is a o due in part to binding of other trace contaminants toxi 


to tubercle bacilli 
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There are several possible uses for the Norite diluent. Many procedures 
connected with diagnostic or investigative studies in the tuberculosis laboratory 
involve washing, suspending, or diluting the sample containing acid-fast bacteria 
In order that these studies be reliable and sensitive, it is obviously advisable to 
avoid death or injury of the microorganisms due to unrecognized and un 
predictable trace impurities in the system 

Another conceivable application of charcoal diluents is in the field of BCG 
vaccine production and distribution. One of the principal technical difficulties 
connected with BCG vaccination has to do with the unpredictable duration of 
viability of the bacterial suspensions. Because of this, it is impossible to be 
certain, at the time of administration to a subject, of the precise number of 
living cells in a vial of BCG vaccine. It has not been advisable to incorporate 
bovine albumin as a stabilizing agent in the BCG vaccines because of the danger 
of development of sensitization to the foreign protein. As there is no obvious 


theoretical objection to the parenteral injection of small amounts of charcoal, 


it. might be worth while to investigate the effect of the addition of Norite A on 


the viability of the BCG vaccines 


SUMMARY 


Dilute suspensions of activated charcoal (Norite A, 0.01 per cent) in water o1 
in phosphate buffer serve well as a protective diluent for manipulation of tubercle 
bacilli 

Charcoal-water is approximately equal to bovine plasma albumin and is 
distinctly superior to a balanced salt solution in protecting mycobacteria from 
trace amounts of certain noxious contaminating substances. Charcoal-water 
possesses the distinct advantages over albumin solutions of economy, avail 
ability, stability to sterilization by heat, and freedom from biologic material 


capable of sensitizing a recipient animal 


SUMARIO 
Uso de Carbo eoetal los 1en ara Bacili ih O20 


is Suspensiones dilul carbon de lefia activado (Norite A, 0.01 por ciento) en 
imortiguador de tostato rven ben como diluente protector ) la manipulaciér le 
los tuberculosos 
igua-carbon veget es aproximadamente igual a la albdmina ce plasma bovino 
decididamente superior 1 oluci6n salina equilibrada para proteger a las micobacterias 
contra indicios de ciert ibstancias nocivas contaminantes wwua-cartor vegetal poser 
sobre las soluciones de bimina vent ij is manifiestas en lo tocante a economia disponibil 


falt } 


dad. estabilidad ante est on térmica i cle 


incias bioloégicas capaces «de 


sensibilizar a un anima 


RESU MI 


En plo j hon cant pou ba 
Les suspensions diluées de charbon activé (Norite A, 0.01%, lans | i, ou dans 
solution tampon phosphatique, conviennent bien aux manipulations du b le tuberculeuyx 


La valeur du milieu charbor iu est approximativement égale a celle de ilbumine plas 


matique hpovine, et ttement ipeneure a la solution saline équil bree our 


substances contamin 


mmeuses | ay 


i resistance 


in anima 


hemotherap Vi 


Inhibition 
wilds 


‘ Hirsen 
Pierce, C. H 


tissues 


NERT 


(ORPER 
7 TWDavi 


blood 


10) NieMa the growth of microorgan 


JAMES G. 
nocives. Let eu cl eau possede sur les solutions albums antage particu 
‘ Petre econo ‘ ea optenir, st ea la stérilisation par chauffage et dépourvu 
REFERENCES 
Hirnsen, | tissues 17 tuberculosis 
O53. ium on Growtl ind ( [niternational 
2) Dupos, R. J Phe effes gan mammalian tubercle bacilli, J. Exper 
Ved 
De R | Unpublished observations 
1) Fe er, | Mia 5. P AND The enumeration of viable tubercle 
bacilli in cu res and infecte@, New York Acad. S« 1949, 5, 751 
Hospy, G.I Aversacn, ©., M. J » Comer, J. \ The 
ite emerge f M were in liquid cultures of pulmonar esions re 
sected from | Am. Rev. Tubers 1054, 70, 19 
Ht. J \ ple procedure for the diagnostic culture of tubercle bacilli, J 
Med., 1938, 23, 1195 
B.D Dt J The binding of fatt icids | serum albumiur i pro 
tective g vtl ctor in bactenological medi J. kxper. Med 1947, 86, 215 
8) Hinson, J. G.: Cha mal media for the cultivation of tubercle bacilli, Am. Rev. Tu 
bere 1054 wD) 
9) Pottock, M.R Phe growth of H. pertus on media without Brit. J exper 
Path., 1047, 28, 205 
mes. Bact. Rev 1054 8. 147 


THE AFTER-HISTORY OF PULMONARY TUBERCULOSIS 


IV. Far Advanced Tuberculosis 
DAVID W. ALLING, N. STANLEY LINCOLN, ann EDWARD B. BOSWORTH 
Received for publication July 22. 1954 


INTRODUCTION 


ola group ol 


Che present study was undertaken to examine the clinical course 
persons with far advanced pulmonary tuberculosis. Persons were admitted to 
study on the date of diagnosis, their clinical course was assessed at yearly inter 
ils, and the follow-up data were combined to form a composite after-history 
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REPORTED aS ADVANCED PULMONARY TUBERCULOSIS 


Total number of diagnoses reviewed 610 
Total number of cas cluded from stud ifter review 120 
| 
Nontuber ou disease 
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U nhospitalize 
Minimal pulmonar 
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Far advanced t 


sputum positive for tubercle bacilli. As there is known to be a substantial diag 
nostic error in notifications of this kind, such cases are excluded 
Finally, 18 persons were found to have minimal tuberculosis and 239 to have 
moderately advanced tuberculosis. These are included in separate reports (1, 2 
rhus, the clinical material consists of 224 persons (148 males and 76 females 
who were first discovered to have far advanced tuberculosis during the years 
1938 through 1948 and who were followed through 1951. With a single exception, 


each person was found to have acid-fast bacilli in his sputum during the month 


following diagnosis. The lone exception was classified as having arrested disease 
throughout the period of observation. In a group of 90 persons with far advanced 
tuberculosis collected in the same manner as the present series, Puffer, Stewart, 
and Gass (3) found that at the time of diagnosis all but one had active disease 

Included in the study are 4 non-white and 220 white persons 

Che following complicating diseases were noted among the group: diabetes 
mellitus ase ulcerative colitis—one case; severe kyphoscoliosis—one 
case 

In figure e distr 


bution of the patients by sex and age at the time of diag 
nosis. There _ ked difference in the ige distribution of the males and females: the 
peak male frequen o irred in the age group fifty to fit nine vears, some thirty vears 

ster than the ‘ e frequen which occurred in the twenty to twenty-nine age 
group. From the re of fort ears onward there was a decrease in the frequency of fem iles 
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vdvanced tuberculosis: annual number of diagnoses 


TABLI 
Mepran Aat MALES AND FEMALE RING YeARS 1938-1942 


AND 1945-1948 


1948 


Both sexes 
Males 


Females 


Number of persons shown in parentheses 


in contrast to the rise in the frequency of males. The distribution of the female admission 
ages in figure 1 resembles that seen in active minimal tuberculosis (1 

The number of diagnoses of far advanced tuberculosis made during each calendar 
of study is shown in figure 2. A decreasing incidence was evident and the decrease 
statistically significant 

In table 2 the median ize at diagnosis of the persons admitted to study during the two 


periods 1938-1942 and 1943-1948 is set forth. There was an impressive increase of eleven 


years in the median age of the male admissions while the median age of the females rose on! 


three years. As the present study includes twice as many men as women, the rise in the 
median age at di gnosis of the entire group reflects the rise in the median ige of the males 

In studies of minimal tuberculosis (1) and moderately advanced tuberculosis (2) a similar 
observation was made, 1 persons idmitted during the later years of study tended to be 
older than persons ulmitted, sa ten years earlier 

The number of patients whose symptomatic onset preceded diagnosis by a stated inter 

val of time is shown in table 3. The authors were impressed by the consistency with which 
patients described an abrupt onset of cough, expectoration, fatigue, malaise, or some other 
symptom, and also by the precision with which most patients appeared to remember the 
date of their symptomatic onset. Of the 224 patients in the present study, 216 sought medical 
attention because of symptoms, while the remaining 8 were discovered by means of the 
mass-survey tet hnique It is evident from table 3 that the older patients tended to have 
somewhat longer periods of symptomatic illness before the establishment of diagnosis 


Thompson 4) investigated the duration of sy mptoms before di gnosis among a group of 


Inclusion of the 42 unhospitalized persons in the study would not modify the con 
clusions drawn from figure 2 and table 2. These persons tended to be reported during the 
early calendar vears of st ind to be somewhat older than those included in the stud 
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RESULTS 
Clinical Course of the Group 
More than one-fourth of the patients died during the first six months following 
diagnosis, and almost two fifths died during the first vear At succeeding an 
niversaries the increments in the cumulative mortality curve became progres 


sively smaller, so that by the end of the third vear four-fifths of the deaths 


expected in the ten-veal px riod had already occurred 


It is of interest to note that nearly fifty vears ago Elderton and Perry (6 
observed that, among patients vith far advanced tuberculosis treated at Trudeau 
Sanatorium, the largest number of the fatalities occurred shortly after admission 
Thompson (4) found a mortality of 42 per cent among infectious pulmonary 
cases during the vear following diagnosis. In a group of persons vith far ad 
anced active tuberculosis, Tattersall (7) found a mortality of 59 per cent 
during the first vear following diagnosis 

It would seem that, at the time an original diagnosis of far advanced pulmo 


nary tuberculosis established the disease Trequently Is rapidly progressive 
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At the time liag nths thereafter. and at successive niversaries, each 
patient was assign tatus on the basis of information obtained from the medi 
record (table 4). Detai f the classification and handling of the data were presented in tw 
previous publications »). In table 4 and figure 3 are shown the percentages of patients 
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Fig. 3. | inniversary. Far advanced active at diagnosis: 224 cases 


At the third anniversary of diagnosis, the proportion of patients observed 


to have arrested tuberculosis reached a maximum (approximately one in four 


and was subject to only minor fluctuations thereafter. The constancy of this 


proportion between the third and the tenth anniversaries was due to the fact 
that during the interval the number of relapses was nicely balanced by the 
number of remissions. Since both relapses and remissions became progressively 
less frequent as time went on, a nearly static situation was reached ten years 
after diagnosis: one-quarter of the patients had arrested disease, one-twentieth 
had active disease, and seven-tenths were dead. 

An unexpected feature of these data was the infrequency of relapse. In table 
5 may be seen the relapse rates among patients with far advanced tuberculosis 


who were under observation a stated number of years. The rates were of the 
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same order as those observed among patients who had active minimal tuber 
culosis at the time of diagnosis (1). While it is true that the latter group included 
some patients who developed advanced disease before attaining the arrested 
status (and, hence, before becoming subject to relapse), the former group had by 
far the more extensive lesions. On the other hand, those persons with far ad- 
vanced disease who attained the arrested status received collapse therapy much 
more frequently than those with active minimal disease who attained arrest 
and, hence, may have been less subject to relapse. 

Comparison of the remission rates among the patients with far advanced 
tuberculosis and those with active minimal disease shows that the former group 
had rates which tended to be much lower. This finding is consistent with the 
clinical impression that, of the two stages of disease, far advanced tuberculosis 


is much more difficult to treat successfully. 


Factors Influencing the Clinical Course 


Once the clinical outcome of a group of persons with far advanced tube 
culosis has been determined, it is of interest to assess the influence of certain 


factors on the clinica! course of these patients. Some factors, e.g., age, sex, 


cavity size, can be readily identified while others cannot. Of the latter, perhaps 


the most important is the attribute called “‘resistance,’’ the nature of which 
is not yet well understood. It seems reasonable to suppose that persons who die 
of pulmonary tuberculosis shortly after being infected lack resistance, while 
those who survive possess resistance to some degree. It is indeed possible that, 
although identifiable factors may appear to affect the clinical outcome directly, 
these factors act only by modifying some intangible element such as resistance 
In the present study, the three-year case fatality was adopted as an index of 
clinical outcome in view of the fact that four-fifths of the expected deaths 
actually occurred by the end ol the third year following diagnosis. In every 
instance in which death occurred within three vears of diagnosis, tuberculosis 
was given as the principal cause on the death certificate. Eighty-nine per cent 
of the deaths were observed by an experienced hospital staff and the cause of 
death was confirmed by post-mortem examination in 36 per cent of them 
Presence of cavity: Cavity, particularly when large in size, is usually con 
sidered to have an unfavorable prognostic significance. The National lube 
culosis Association Diagnostic Standards are based in part on this premise 


Barnes and Barnes (8) have proposed alternative prognostic criteria: (J) extent 
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PERCENT DEAD 
2) 


of disease gare of presence of cavity ?) number of cavities (regardless 


of cavity present study, the sum of the maximum diameters of al 
istble « | ‘ timated from the diagnostic chest roentgenogram The 
three-year case fatality imong patients with cavities of various sizes is set forth 
in table 6. Although the patients whose cavities exceeded 4 cm. in diameter had 
i slightiv higher fatality rate than the others, the difference is not significant 
Therefore, it « n I inferred from these data that the three-year case fatality 
in far advan tuberculosis is influenced by the size of cavity at the time of 
diagnosis 

Seu The sex of the patient has long been considered to affect the outcome 
in pulmonary tuberculosis. Considering the tuberculosis death rates in the 
United States (9), the mortality among middle-aged and elderly white females 
is strikingly lower than among white males of comparable age, and it might be 
thought that the case fatality in the present study would show corresponding 


differences. In figure 4 the three-year case fatality rates for males and females 
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TABLE 7 
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Bed rest 


Collapse* 
Less than 45 years 


5 years and older 


Includes 20 persons treated with artificial pneumothorax IS with thorac« 


vith pre umothorax nd thorac oplasty 


in three broad age groups are shown. It is clear that in the lower and middle “ug 
ranges there is no difference in the fatality rates for males and females. In the 
upper age ranges, too few (6) females are included to permit the inference that 
elderly women suffer a higher case fatality than elderly men 

ige: A striking feature of figure 4 is the profound influence which age exerts 
on the three-year case fatality rates, elderly persons having a rate more than 
twice that of persons less than forty. Puffer, Stewart, and Gass (3) found that the 
six-year case fatality in far advanced tuberculosis was appreciably higher in 
persons more than forty-five vears of age than in younger persons this difference 
being observed in both males and females. Tattersal 7) found that the ten-year 
case fatality among males with infectious pulmonary tuberculosis increased with 
advancing age Th issociation was not found in the females included in his 
SCTICS 

\s the patients admitted to study during the years 1938-1942 were somewhat 
younger than those admitted during 1943-1948, their clinieal course might 
reasonably be expected to have been more favorable That this wa true 1s 
shown In figure 5. Not only were there fewer deaths among the early admi ol 


but also arrest of disease occurred more frequently 


Treatment 


rhe pertinent data concerning treatment is summarized in table 7. In general 
the younger patients rece! ed collapse the rapy more requ ntly than the older 
patients. Relapse was less frequent after successful collapse therapy than after 
a successtul course of bed rest The present data show that age affects the 


Trequem Vv ol relapse niv in So tar as it affects the choice ol treatment 


DISCUSSION 


lhe clinical material of the present study comprises substantially the entire 


incidence of far advanced tuberculosis in a population of one geographic area 
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during an eleven-year period. The results observed are not necessarily similar 
to those obtained by studying a sample of tuberculous persons collected in a 
different manner. For example, a sample composed of hospital or clinic patients 
who have died of tuberculosis is not comparable to a geographic sample, such as 
that of the present study. Some of the residents of a particular region who 
have tuberculosis are never hospitalized, and some of the hospitalized patients 
do not die. Hence, a sample of hospital or clinic patients who die with tuber 
culosis 1s, to some degree, selected and the selection may give rise to misleading 
results. Study of such samples has led some writers (10-13) to infer that, because 
tuberculosis runs, on the average, a longer course in olde patients than in 
younger patients, the disease is less severe in old age. Among the clinical material 
of the present study, the older persons up to sixty years of age who died of tuber 
culosis had a longer average survival after diagnosis than the younger decedents 
It does not follow, however, that far advanced tuberculosis is more benign in 
older patients. The three-year case fatality rates shown in figure 4 provide 
convincing evidence to the contrary 

Che significance of the case fatality of far advanced tuberculosis may well 
extend beyond the problem of far advanced tuberculosis per se. Roughly speak 
ing, it forms an important link between the incidence of far advanced tuber 
culosis and the total mortality from tuberculosis 

Pulmonary tuberculosis which is far advanced at diagnosis appears to con 
tribute as much as two-thirds of the total mortality from tuberculosis. For 


example, among the 942 patients comprising the clinical material for the present 


series of papers, 448 had minimal, 270 had moderately advanced, and 224 had 


far advanced disease at diagnosis. Until January 1, 1952, 210 persons had died 
of tuberculosis, of whom 145 (69 per cent) had far advanced disease at diagnosis 
Puffer, Stewart, and Gass (3), studying the incidence of pulmonary tuberculosis 
in Williamson County lennessee, observed that persons who had far advanced 
disease at diagnosis comprised 63 per cent of the deaths from tuberculosis 
during an eleven-year study period 

Far advanced tuberculosis appears to make the largest contribution to the 
mortality from tuberculosis, and the major portion of this contribution occurs 
in the early years following diagnosis. Hence, a change in the incidence of far 
advanced disease should influence the total tuberculosis mortality Furthermore, 
if the characteristics of persons diagnosed as hay ing tar advanced tuberculosis 
are subject to some long-time trend, this same trend should be evident among 
the decedents of tuberculosis Dempsey 14) noted an association between the 
fall in the annual tuberculosis mortality in the United States and the rise in the 
median age at death (table 8 In addition, she observed that the rise in the 
median age of the female decedents had not kept pace with the rise in the median 
age of the male decedents. In so far as the results of the present series of studies 
can be applied to white tuberculous persons 1n the United States, Dempsey s 
observations can be explained, in part, by a fall in the nationwide incidence of 
far advanced tuberculosis and by an unequal rise of the male and female median 


ages at diagnosis 
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Tuberculosis mortalit per 100,000 population 
Male 
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Median age at death 
Male 
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The question naturally arises why the person found to have far advanced 
tuberculosis today is older than a similar person, say, fifteen years 
possible explanations deserve brief comment: The advancing age at dia 
results from a delay in the relapse of a smouldering tuberculous infection 
acquired in early adult life; the advance in the age at diagnosis is due either to 
the later occurrence of reinfection in a person who has a healed primary infection 
or to the later occurrence of a primary infection 

Granting the truth of the first explanation, the data presented suggest that 
the smouldering infection is not of sufficient severity to cause symptoms; other 
wise, a much longer period of symptoms before diagnosis would be expected 
Furthermore, an increase in the duration of symptoms preceding diagnosis 
would be expected to accompany a rising time trend in the median age at diag 
nosis. No such increase was found. 

Twenty-one persons included in the present study had chest roentgenograms 
interpreted as normal some time between four months and eleven years prior to 
diagnosis. The duration of symptoms among these persons was substantially 
the same as in the remainder of the clinical material. These circumstances are 
not in keeping with a symptomatic, clinically recognizable smouldering infection. 

The first explanation presupposes the existence of a reservoir of smouldering 


tuberculosis large enough to furnish the annual crop of relapses which is repre 


sented by the cases of newly diagnosed disease in older persons. The required 


size of the reservoir must therefore depend on the characteristics of the re- 
lapse rate. Mitchell (15) and the present writers (1) have found that pulmo- 
nary tuberculosis seldom relapses after five years of arrest. Consequently, 
some of the lesions in the reservoir would have to be intermittently active for 
the long period of time elapsing between the presumed infection in early adult 
life and the time of diagnosis in later life 

To be sure, it is by no means impossible that a relatively large reservoir of 
smouldering subclinical tuberculosis exists which by relapse gives rise to the 
annual crop of far advanced tuberculosis in older persons. It is not at all clear, 
however, why relapse should occur later and later in life with the passage of 
time, or why relapse should be relatively later in men than in women 

On the other hand, if the annual crop of far advanced tuberculosis is largely 
the result of a not too remote reinfection (or first infection), then the relatively 
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short duration of ymptoms preceding diagnosis becomes understandable, “is 
does the lack of time trend in this duration despite the aging of the clinical 
materia Furthermore the falling incidence of far advanced tuberculosis and 
the rising age at diag OBIS Can be ribed to a common cause line inh the 
level of contagion and hence a decrease in the likelihood of acquiring a disease 
producing infection. This decline has been suggested by a number of recent 


reports (16-21 the contrast between the age distribution of the males 


and that of the female ve figure 1) can be related to differing opportunities 


for contracting tuberculosis, the older males acquiring the disease far more 
Trequently than the older females. Hence, with a decline in the level of contagion 
resulting in progressively later infections, the age ol the males at diagnosis 


would be expected to show a greater rise than that of the females 


SUMMARY 


During the years 1938-1948, 224 residents of the hospital district were found 
to have iced pulmonary tuberculosis, the disease being classified as 
active 1 5 and a irrested in one. There was a significant decrease i the 
annual | ri ( ew cases of far advanced disease. The median age Oo the 
males admitted to study exceeded that of the females by 18.5 vears. The median 
age ot the mat it the time of diagnosis rose 11 years while that of the females 
rose only 3 veal Che median duration of symptoms prior to diagnosis was 
short (9 months) and remained constant 

Analysis of the follow up data shows that 

|. Ten years after diagnosis one-quarter of the persons could be 
expected to ha e arrested disease, one-twentieth to have active disease 
and seven-tenths to be dead 

2. Three years after diagnosis 8O per cent of the expected deaths had 
ilready occurred 

3. Age ha t profound influence on the clinical outcome of far ad 
vanced tuberculosi old persons having a case fatality more than twice 
that ol young person 

Pulmonary tuberculosis which is far advanced at the time of diagnosis appears 
to contribute ‘ half of the total tuberculosis mortality, and this con 
tributior made within a few vears after diagnosis 

Similar long-time trends are noted in the local incidence of far advanced 
tuberculosis and the nationwide tuberculosis mortality (among whites) as well 
as the ind the nationwide age ut death 
(C‘ertan ( th are discussed in relation to several theories of 
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RISK OF DEVELOPING TUBERCULOSIS AMONG CHILDREN OF 
TUBERCULOUS PARENTS 


L. D. ZEIDBERG, ANN DILLON, anpb R 


Received for publication May 18, 1954 


INTRODUCTION 


It is an interesting paradox that the closer the elimination of tuberculosis as a 
major public health problem becomes, the more important becomes the undet 
standing of its epidemiology. As the “irreducible minimum” of morbidity is 
approar hed, as it becomes more and more difficult to find the fewer cases in the 
community, it also becomes more important to concentrate control efforts on 
those segments of the population which are most apt to provide a fruitful yield 
of new and prey iously undiscovered cases of the disease. The description and 
delineation of these crucial population segments depend on the epidemiologi 
study of factors which govern the occurrence and distribution of tuberculosis 
in that population 

As a group, children of tuberculous parents run an unusually great risk of 
developing tuberculosis Most observers agree that this is due in large part to 
the highly intimate contact between the host and susceptible individual. Never 
theless, this is obviously not the whole explanation. For other groups of people 
in the same tuberculous households, with similar opportunities for intimate 
contact with, but unrelated or more distantly related to, the tuberculous host, 
have lower attack and death rates than close relatives (1). The difference is 
presumably attributable to the operation of a hereditary constitutional factor 
which makes close relatives of tuberculous persons more likely to develop tuber 
culosis 

In actuality, a comparatively small proportion of children of tuberculous 
parents do become tuberculous. Among those who develop tuberculosis, some are 


likely to manifest the disease at a shorter, and others at a longer, interval afte! 


exposure. Why this should be so is not only of basic importance epidemiologi 


cally, but it has a direct bearing on control measures as well. It is the purpose of 
this paper to present some of the factors which determine who among the children 


at risk will be selected for attack, and when 


MATERIALS AND METHODS 


The data pr ‘ ( ive been collected in Williamson Count Tennessee, for a 


period of twent wo years. A portion of the material has been derived from the direct 

From the Williamson County Tuberculosis Stud Tennessee Department of Publis 
Health, Franklin, Tennessee 

This study was supported in part by a grant from the Division of Medicine and Publi 
Health, Rockefeller Foundatior 

* This paper was pr nted befo the Medical Session as part of the session, Environ 
nental Consideration i ere 0 it the annual mee ting of the National Tuberculosis 
Association Atlanti vew Jerse Ma IS, 1954 
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rom a previously published report 


in all household associat 


The children tubercu 


because thev are know! to be particularly hable to ce velop tuberculosis because 


ous parents were selected for special Investigation 


they are a homogeneous group genetically, are easily identified, and are more 


readily kept under observation than most other member of tuberculous house 


holds 


subsequent discussion. the 


ot persons 


rABLE 1 
W MSON CoUN sis Stupy 
\ Pe 
R ‘ k 

Less tl ve 20680 12 6 481.0 | 0.3 
» 14 eat 5.907 .0 6 6.211.5 | 0.2 
24 ve 1912.5 6.1 1,779.0 15 
25-34 vena 246.0 12 2,731.0 
2? 231.0 28 1 585 5 j 95 
vent ind 75.0 0 

Tota 4.657 6S 4 IS_872.0 

Positive 
Inting ‘ ‘ tort formants Howe er 
these histo } een irse the medcd 
tive ed historical and observational material appears to be quite good 
ind, as will be ind te elow, analysis of the mixed materia elds results si ir to 
rele Nes itu ywitive for acid-fast bacil 
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ise of tuberculosis has been shown by numerou 

more hazardous than exposure to a closed”’ case 
The present data g further support to these observation The tuberculosi 
attack rate u ildren of parents with sputum positive tor a id-fast bacilli wa 
3.3 per 1,000 person-years, compared with 1.8 for children of parents in whom no 
bacilli were demonst! table | Of greater significance and importance 
perhaps is a compal m of the age specih ittack rates for the two groups 
Children who had bee n contact with “open”? tuberculosis in a parent appeared 
to deve op the disease ta much earlier age than those not so « xposed figure | 
After the ive of twen}t ittack rates were ipproximately thr same both 

Phe 733 children « ) vith acid-fast bacilli in their sputum had a total 

experience of 20,657.5 I i-veurs (tal Of this total, only a portion of the 
time was spent the hon t with the parent. It is important to 


know how much of t 0 ( <1 orb in these children occurred 


duru this pel od i j mgiy the experience va 


divided as follows 


ty oup I household ¢ perience prior to exposure 
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rABLE 2 
Arrack Raves rer 1,000 Perso 
NDEX CASI ACCOR 


WILLIAMSO Cot 


Less than 5 

226.5 

S44.0 

612.5 ,31,059.0 

28S 628.5 


wo 
..071.0 15 4.92,385.0 


* There were 2 7.6 ‘ vears and one case for which exposure was unknown 


(rroup house hold experiern c during exposure 


Group I11—experience after removal from househoid, with household ex 


posure 
Group 1\ experience alter removal Irom household, with ho household 


exposure 
The results of the analysis according to the above classification are presented 


in table 2. No attempt has been made to compare the total attack rates for the 
Che num 


four groups because the age distributions ol the groups are dissimilar 
ber of cases in Groups I and JV is too small to justify making comparisons. The 
largest number of new cases occurred in Group J7, in which the highest attack 
rates were observed in those less than five years of age, and in the fifteen- to 
twenty-four-year age period. This is consistent with observations previously 
reported, as will be shown below 

Che members of Group 111 are in a sense a ‘survivor’ 
apparently withstood the challenge of exposure successfully while in the house 
hold as members of Group 11 Nevertheless, there were 15 new cases of tuber 
culosis among children in Group IIT after contact had been broken by removal 


It is apparent that, if a person escapes disease during the 


’ group as most of them 


from the household 
period of intimate contact in the household, he is by no means immune to attack 


ie breaks the chain of transmission by leaving the house 


later on even though | 


hold 
\s noted above 
It is important to know just how credible these data are 


the data presented are a mixture of historical and observa 
tional material One 
way of measuring their reliability is to contrast them with purely observational 


material. In table 3 and figures 2 and 3 a comparison by age-group and sex is 


H Re H 
I il lil I\ 
} Expose I I ed 
4 
I I 

0 0 

2 14.0 5 0 
151.0 2 1.4 
5 1.7 898.5 j 1.5 
631.5 2 5.2 

l 3 (11.0 0 

24.5 7 1.05.869.5 37 6.3 


BERCULOSIS RISK IN CHILDREN OF TUBERCULOUS PARENTS LO13 


Arrack Rares per 1,000 Per 
Exposep IN Housen AND FOR ALI 
Positive INDEX ASI ‘ Np Sex, 


OUNTY TUBERCULOSIS Srt 
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1,227.50 00 
1, 100.00 744.00 
204.00 


ISS 


* From AMER or TUBERCULO 


made between the experience of children in Group II and the « xperience ol all 


household associates of 200 white index cases with sputum positive for acid-fast 


bacilli. The over-all attack rates for the two groups were quite alike, but of 
greater importance was the similarity between the age-specific attack rates in 
foto and by sex. These could not have corresponded so closely if the historical 
data were appreciably in error 

Among children in Group JJ less than five years of age 


predominantly in males. Among all household associates, 


disease developed 
all of the children 
less than five years of age who developed tuberculosis were males in both white 
and Negro households (1 Although the numbers are small, their consistency of 


behavior lends to them a combined significance which each alone would not 


merit. There is no known explanation for this observed higher morbidity in 
males, just as the generally higher mortality rate from all causes in male infants 
as compared with the female remains unexplained 

In the fifteen- to twenty-four-year age period, the attack rate for females wa 


higher than for males in both Group Il children and in all household associates 


rABLE 3 
New Cases or Tuset or Cun 
REN OF SputumM-P Houst 
rot 
\ ‘ 
| I 
Childrer Cases 
Less than 5 660.50 12 Is 10.6 
>-14 2,226.0 2 0.49 
15-24 10.8 1 3 4 
25-34 612.50 3 
55-54 2.3 248. 50 0 my) | 
Potal 9, 869.50 7 6.3 13,331.00) 22 6.6 12,538.50) 15 5.9 
All Household Associates* 
Less than 5 236 . 25 138.25 21.4 
5-14 O45 0 | 58 0 
15-24 1,152.75 9.51 657.00 5 .6 195.75 6 
25-34 69900 8 1131.4 20 00 9 6.1 70.00 
35-54 1,235.50 2.41 S87 . 25) 648 25 
55 and olde: 1,118.75] 5 $5] 512.00) 3 5.9 | 606.75) 2 
otal 5. 487.75 | 5.5 12.807.00 15 5.3 12.680.75 5 
1952, 65, 113 
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The difference ss marked in Group IZ, but altogether consistent with 


previous observations 


In tuberculosis vith its characteristic latency, it is difficult to establish the 


temporal relationship between infection and manifest disease. Yet it is important 


to do so because the effectiveness of a control program may depend on such 
knowledge It is essential to know what the influence of exposure at different 


ages will have on the rsk of de’ eloping tuberculosis and on the age at which 
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24 vears 14.2 15.6 i.2 ! 14.8 
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disease becomes manifest. In order to obtain such information, the children in 
Groups II and [1] who had been exposed to a parent with “open” tuberculosis 
vere differentiated according to their ages at first exposure. The cumulative 


eloping tuberculosis was calculated for each of these ages. The 


probability of dey 
results of this computation are shown in table 4 and figure 4 

Children exposed at birth or during the first year of life showed a high prob 
ability of developing tuberculosis immediately, 6.6 per 100 for the first year 
When exposure first occurred at one to four or five to fourteen years ol age, 
tuberculosis did not become manifest until the critical years of fifteen to twenty 
four were reached. At age fifteen and later, first exposure Was soon followed by 
disease. Thus, with the exception of exposure during infancy, tuberculosis was 
found to develop predominantly in early adult life regardless of the age at first 


‘ xposure 
DISCUSSION 


For some of the observations presented above, reasonable explanations come 


readily to mind. For others, our present knowledge is so incomplete that only 


speculative interpretations are possible. It is not the purpose of this paper to 


present ol discuss these interpretations, tor the writers are concerned in this 


study with the practical rather than the academic objectives of epidemiology 
goal of epidemiology is to provide the factual knowledge of 


Phe ultimate 
If sufficient time, funds, and per 


disease necessary to bring about its control 


sonnel were available, it might be justifiable to use broad, general epidemiologic 


factors as guides to a control program in tuberculosis. However, with the peren 
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reduction in federal funds for tuberculosis control in recent vears, and with 

the increas ng cost of finding a case by general survey procedures it is be oming 
more and more essential to concentrate control efforts on the most vulnerable 
segments of the population. The finer, more specific epidemiologic factors must 
be sought as guides in planning tuberculosis control programs. The data presented 
above may suggest certain lines ol approach mn planning such programs, 

Children of parents witl open” tuberculosis should be observed closely, 
particularly during the first vear of life and during the fifteen- to twenty-four 
year age pt riod In mntancy the male ( hild requires ¢ loser observation because ol 
apparent greater susceptibility to tuberculosis than the female. During adoles 
cence and early adulthood the female child uppears more vulnerable to attack 
and should be watched car fullv, although the male should not be ignored either 
Periodic examination of children should not cease because they may have broken 
contact with the tuberculous parent by moving out of the household. It appears 
that a sufficiently large number of new cases develop after removal to justify 
going bevond the confines of the household and continuing to observe removed 
contacts, parti ularly if they are more than twenty-five vears of age 

If complete observation of all children of tuberculous parents is impossible 
It appears sate to ignore those exposed for the first time between the ages of one 
and fourteen. After these children reach fifteen years of age periodic examination 
is indicated 

SUMMARY 

the tuberculosis attack rate was 3.3 per 1,000 person-years among children 
of tuberculous parents with sputum positive for acid-fast bacilli, compared with 
a rate of 1.8 for children of a tuberculous parent in whom no bacilli were demon 
strated 

In the former group the highest rates were observed in those less than five 
years old and in those fifteen to twenty-four years of age. In the latter group 
attack rates were extremely low In persons less than fifteen vears of age, but then 
rose and reached a peak at twenty five to thirty-four years 


During exposure In the household to a parent with open” tuberculosis, the 


highest attack rates were experienced by children less than five vears old and 


those fifteen to twenty-four vears of age 

lhe risk of developing tuberculosis after removal from the household, al 
theugh not as great as during residence in the household, was nevertheless of 
significant proportiotr 

During household exposure to a parent with “open”’ tuberculosis, males les 
than five years of age were more apt to develop the disease, while females were 
at greatest risk in the fifteen- to twenty-four-year period 

Children exposed during infancy to a tuberculous parent with sputum posi 
tive for acid-fast bac had a short incubation period before disease developed 
Chose exposed for the first time between the ages of one and fourteen years did 
not manifest disease until after fifteen years P Among those exposed for 
the first time at the age of fifteen or later, the incubation period was again short 


with new cases cde ol rapidly 


DILLON 


Lhe 


trol prog 
prog! 


in es 
CT 
coeheret 
tro anos is 
‘ uego 


de met 


vel 


con 


sn emb 


que trene tule 


de econtraet 


odo de quince 


tun padre 


un per odo mas 


por primera vez 


les pues le 
Tas 
casos 


riore 


reuleuse pour me 
whats positils pour les bacilles 


enfants de parents tul 
1.8 pour les enfants d’un parent tuberculet 


oOmparaison 
leomontres 

es plus élevé ont ¢ enregistrés 


negativi 
Dans | 


ins. Dans le secor 


iu cle 


ible parm les 
ntre vingt-cing et tre 


d’un 


chez 


cle eont met ‘ 
iXimum 


mination au 


hon te plus éleve 


quatre ans 
la tuberculose aprés le départ du foys 
ittemgt! neanmoins roportions 

‘ mrent porteur 


Lors ce tamination 
euses OUuVe ulins au-dessous ce plus 
présentaient plus grand risq 


quinze 
la contamination, due a un p 


\u cour ) niet 
saciilo-1 détermu 


sujets 


it une courte 


exposes pour 


ifestait qu’aprés l’Age 


ZEIDBERG, AND GAS 
mer ot the pove of er planning im economica tuberculosis con 
discussed 
SUMARIO 
/ j ubere eon le ube 
vel ‘ ‘ le i ‘ uberculosis represent por | 0100) personas fios entre 
ente if j ‘ persor 
elevaro cal edad de maaan ticines treinta cuatro anos 
Durante eX] ‘ lre tuberculosi ibnert coeficlentes 
mAs altos ce ple ‘ ‘ fos de menos de cinco aflos y entre los ce i ‘ venti 
at 
nese ler ‘ il jilosis después de retirarse de la casa. aunque no grande 
Durante eX] ‘ Un padre rculosis “abierta ones «¢ 
menos de cinco is susceptibles SME In enfermedad ientras que las 
Los nifios expuestos durante la infancia dP tuberculoso cuyo esputo es positivo 
fos no n fe lols hast dad de quince afios. Entre los « 
puestos por] ‘ ‘ edad de quit periodo cde tam 
breve ‘ il lamente mue 
Disetitese « le ervaciones ante i Zar un plan ¢ co ucha 
ontra | j 
RESUMI 
Le tau ule rsonne-ans parm les 
if esistants, par 
ix, che equel la 
‘ Ss sujets au 
groupe e 
puinze ns, 
rite junatre ns 
Au cours de mala [over atteint de tuberculose 
cing ans et entre juInze ¢ ingt 
Le risqu le déwe ement ce en que moimndre 
de lésions tubereu 
iptes a contracter 
ue dans période 
le 
el nt des 
cha période d’incubatior 
ivant ‘py uberculose, Chez ia premiere fois entre 


edge the contrbutior 


he rennessee Department of 


household associat 


TUBERCULOSIS RISK IN CHILDREN OF TUBERCULOUS PARENTS LOY 
es sujyets pou fois a ige de quinze ans ou plus tard i période d‘inecu 
bation était de nou i courte, les cas nouveaux évoluant rapidement. La posinlité d’utih 
er tes obese ns Ctablissement des programm tutte contre ta tuber 
Phe writers gratefu tion of Ruth R. Puffer, former director 
nalvsia of the dat 
REFERENCI 
PUrFFER R BERS Ditto \ (5A pil MHESON 
Puberculos nd death rates of es, Am. Rev. Tuber: 
952. 


TESTOSTERONE IN CHRONIC TUBERCDLOSIS 
ROBERT L. GRIFFITH® ann RICHARD H. LINN 
ion June 23. 1954 


INTRODUCTION 
Pestosterone ear cle monstrated to have an anabolic effect on the body 


This is report on itions on the use ol testosterone propionate aS an 


inabolic agent in the cachexia of chron pulmonary tuberculosis 


Biologie of Testosterone | 


produced by the 


wirenal cortex and the ovar | ipa actions are 


yrowth. The sexual effects include ie development of the 


rat mamtenance of male secondar characteristics and 
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rotoxi " n women. and in eunuchs. In contrast. methvl testosterone in 


itinuria in thyrotoxicosis and in normal males. The effect of citrate reten 
tion may be to keep ca m soluble. During the use of testosterone, there may be a 
decrease in the serul incicating a shift of proteins to the cells 

Other phvysioloy fle of testosterone are: an increase in the basal metabolic 
rate, beheved to b to increased anabolism rather than catabolism; depression 
lactogenic hormones; 


pituitar ol gonadotropic, thyrotropic, and 
counteraction ol cess corticotropin ind desoy orticosterone acetate effects. 


progesterone have a milder anabolic effect than testosterone 


nd 


wmone also has an anabolic effect if the testes are intact 
this anabolic process include muscles, bone matrix, and 
im the olume and strength of skeletal, cardiac, and 
creased linear bone growth and matrix formation 


have been reported to be affected are: the skin, by thick 


to senile dermatoses, growth of hair, and increased seba 
ity; the brain, by increased resistance to fatigue; the 
output; the blood vessels, by alterations in the capillary 
tone; the blood, by increased hemoglobin and main 
the 
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tenance ) f erythrocytes; Increased capacity 
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inactivated in the liver and is excreted 
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2 mg. of methv! testosterone sublingually 
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It is believed that testosterone can induce nitrogen retention in both normal and 


onditions. but the effect is greater in 
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It has been repo it the effects of testosterone are apparent in two to three 


vim ito reach a maximum between the fifth and fifteenth da 


testosterone is discontinued, Other reports suggest there 


t in one to three weeks 


losterom 


lestosterone has been reported to be 


of use 


tions (S-29). These onditions in males when replacement therap 


conditions in n counteraction of female hormone eflects vivisable, 
various wing processes ind, more recentl in unrelated 
conditions ‘ necessary to od proteins either general! or for 


fulness of testosterone n some of these conditions requires 
further proo ome conditions its usefulness is suggested more 


inimal experimentation than on sufficient clinical trial 


(‘ontraindications to the use of testosterone il noma or suspe ted 


ircinoma of the prostate irilism in the temate | dos n females ordinarily 
should not exceed 300 mg. per mont! 


ind edema 
The following , cations have been reported during testosterone therapy: 
anorexia, nausea, gastric irritation 


edema, gynecomastia priapism 


changes, ¢ rtrophy ind increased libido. Jaun: 


acne, hirsutism, 


lice has been reported 
testosterone 20) but not trom testosterone propionate 


increased cosity of the bile rather than from liver 


AL ] therculosi 


In 1949, Newma ind associates (30 reported on the effects of the adminis 


tration ol protein hydrolysate . testosterone and folic acid on the nitrogen bal 


ance in patients with chronic pulmonary tuberculosis. In their 4 cases of tuber 
CULOSIS, they com nuded that mg. ol testosterone 


propionate intramuscularly 
daily helped the nitrogen retention ol protein hvdroly sale and Pole a id 


In 1953, ¢ ohen and co-workers (31 reported on the effects of testosterone 


on 
patients vith pulmonary tuberculosis, Ot 


7 patients treated with testosterone 
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propionate intramuscularly, 6 gained an average of 25 pounds. Of 6 treated with 
methyl testosterone orally, 4 gained an average of 14.5 pounds. Of 6 treated 
vith placebos, 4 gained an average of 5.3 pounds. The greatest weight gains 
were noted in 3 patients who received antimicrobial therapy plus testosterone 
propionate intramuscularly. Two of the 3 patients who were not on antimicro 
bial therapy lost weight when the testosterone was discontinued They believed 
there was an increased sense of well-being from the treatment. Two patients 
developed edema on daily doses of 50 mg., but the edema disappeared on with 
drawal of the drug and the use of diuretics. Two patients developed mild but 
painful gynecomastia, und one patient developed a skin rash on doses of 75 mg 
daily. They noted no striking changes in the 17-ketosteroid excretion or in the 
results of water diuresis tests. From thei experience they believed that testos 
terone propionate Was worthy of trial in tuberculous patients when weight gain 
is important. They believed that 50 mg. two to three times a week was probably 


idequate and vould decrense the incidence ol untow reactions 


MATERIAI AND METHODS 


In July : tudy was begun on the effects of testosterone propo! ate 
intramuscularly on 17 male patients with active pulmonary tuberculosis who 
vere unable to gat veight All except one patient had been in the hospital 
ong enough to obtain a good base line of weight and to observe the results of 


other methods of treatment 


vanced disease > had moderatel uivance 


tubercle bacilli in the sputum. The ay 


RESULTS 


The result ure tulated in table 1 After due consideration of the results 
of other forms of treatment, it vas concluded that, of the 17 patients, 7 had good 
results, 3 had fair results, 5 had doubtful results, and 2 had poor results from 
testosterone therapy determined by weight gain. Of the 5 with doubtful re 
sults, one had at I iffiment 1 riod of observation before starting testosterone, 
one was not cachect ind 2 had psy hiatric disorders. Of the 2 patients with 
poor results, one not cachecti 


The highest weg rial vas 30 pounds While not statistically conclusive, the 


treatment range rine ears, witl mn average age ot tort nine 
eat \ i tl ig! ‘ uminatior neluding prostatic examinatior 
yenogral oor vie hacteriologic studies, and special studies whe ndi 
cated. The giobulin were determined on of the patients 

Two dosage j ec meg te osterone propionate ntra iscu 
hree ti ‘ ‘ pate me propionate three times a 
‘ One or eatment ere given. None of the patients knew what the 
ement. Bed e cv ntimicrobial theray pneumoperitoneun rious 
proce luring the course of obese itior Phe usu OF 
treptomycin © , ek: of para-aminosalicvlic acid (PAS), 12 gm. dai 

rie ted hres f Paty ere weighed es 
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gains were greater on the 50 mg. testosterone dosage schedule than on the 25 mg 
schedule. The average gain per course of the 50 mg. schedule was 13.1 pounds. 
The average gain on the 25 mg. schedule was 7.7 pounds. Some of the latter pa 
tients had further gains when the testosterone dosage was increased to 50 mg 
One patient actually lost weight (3 pounds) while receiving the hormone and 
another failed to gain. Of some significance is the fact that 5 patients lost weight, 
up to Ss pounds, when the testosterone was discontinued 

Weight gains, when they occurred, were evident within one month of treat 
ment. The maximum gains were usually attained after approximately three 
months of treatment, but some patients continued to gain for as long as seven 
months. There appeared to be no correlation between the age of the patient and 
the results. The duration of testosterone therapy varied from one and one-half 
to thirteen months, with an average of seven months. The longest continuous 
course of treatment with the 25 mg. schedule was eleven months. The longest 
course of treatment with 50 mg. was eight months 

Three patients showed weight gain on each of two separate courses of treat 
ment. One patient failed to gain on either of two separate courses Iwo patients, 
Cases 3 and 4 (table 2) showed very good results during postoperative periods 

Chere were no deaths in this series of cases During the study 7 of the patients 
were discharged from the hospital as improved. One patient left against medical 
advice. Two othet patients were later transferred to psychiatric hospitals, but 
not while under testosterone therapy. One patient, Case 1/0, was transferred ten 
months after testosterone was discontinued; the othe patient, Case 12, wa 


transferred three months after testosterone was discontinued 


Ten of the patients had complications or other diseases affecting their basi 


rABLE 2 


Present Orner THan Putmonary 1 


onchopleural fistula 
coplast eritical 
emothorax and emp 
pneumonectomy and thoracoplast 
Duoder 
Asthi 
Aleoho encephalopatl yaranoid personalit | Doubtful 


irenic personal int ‘ Doubtful 


leulus and d rticulum of urinar Good 


neous fistula follow 


tuberculous epididymiut 


Condit 
1) 
pavel t 
12 Paranoid schizo 
13 Puberculou 
14 Cirrhosis panc ytoper to splenomeg Poor 
luode sles psychopathic persor t 
) ky pl ‘ gener zed arteriosclerosis Poor 
17 Old bronchocuts iim lowing lobectomy and Fair 
trie tu 
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illness; the nature of the complications and the over-all results observed on 


testosterone are present iin table 2 
Che serum proteins and albumin and globulin fractionation were determined 
on 9 of the patients Phe results of all of the determinations during testosterone 


therapy were within normal limits 
The testosterone was well tolerated Chere wer no allergic manifestations, no 


local reactions, no complaints of pain from the injections. As stated before, none 


of the patients knew the nature of the Injections In general, the patients were 
pleased with the treatment, but there was no euphoria or indication of increased 


intellectual power There were no priapism, no complaints of increased libido, 


no gynecomastia, no edema, no prostatic symptoms, or enlargement of the 
prostate glands. One 51-year-old man noticed “hot flashes’’ after two months 
on the 25 mg. dosage schedule followed by three and one-half months on the 


oO mg. dosage This man had pave hiatric symptoms before the treatment rhe 


testosterone was discontinued, although it is doubtful whether there was any 


connection between his testosterone and his symptoms Iwo months later he 


developed overt mental symptoms 


DISCUSSION 


The a of the results observed in the present study would have been 
better u the use of testosterone had been restricted to definitely cachectic pa 


tients and if mentally and emotionally unstable patients had been excluded 


from the seri 


In iuating ly which may have been attributed Lo othe con 


comitant treatment, there were 4 cases in which it seemed possible that some 
credit should be given to other therapy In Cases 3 and 7, isoniazid may have 


been a factor in the weight gain during hormone therapy. In Cases 8 und &, 


PAS and pneumoperitoneum may have been responsible for a greater or lesser 


part ot the weight gain which occurred during the period of testosterone ad 


ministration 

In no case was there any suggestion that there was a spread of the tuberculous 
infection during testosterone therapy, and healing of the lesions during hormone 
administration was entirely satisfactory No conclusions can be drawn, how 


ever, whether ther vas actually any positive effect on the healing processes 


from the anabolic effect of testosterone 

Che results during postoperative periods were very gratifying in 2 cases. As 
testosterone has been found useful by other observers during postoperative and 
post-traumatic periods, this might be a particularly good time to use it in tu 
berculous patients 

Chere would seem to be two possible explanations for the weight loss which 
occurred in 5 patients when the testosterone was discontinued. One would be 
f fluid which was being retained due to the water and ele 


The other explanation would be that 


that there was loss « 
trolvte retention effects of testosterone 
In some patients there may be a “wearing off”’ of the anabolic effect Whatever 


the cause, it was not constant tn all of the cases. Two patients continued to gain 
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ifter the as discontinued vhich vial of course, could 
have been due to co ued improvement in the patients’ general condition. In 
some cases the weight ss after discontinuing the drug was much less than the 
preceding gain, indicating that all of the gain was not due to fluid. From clinical 


observations, it was not thought that patients had fluid retention 


and ho 


sis was observed during the periods of weight loss. Perhaps in clinical use it 


vould be advisable to gradually decrease the dosage of testosterone rather than 
to stop the admu stration ol the drug abruptly 


It is belheved that estrogen androgen combinations could be used 


patients and perhaps to advantage in some male patients Lhe 
vcting, depository testosterone preparations may be more con 
time treatment 
Cases have beet n which corticotropin or cortisone caused a spread 
tuberculous unfection (32 As testosterone tends to 


counteract the catabolr 
ect of these substances 


theoretically it might give ome protection to certall 


persons during periods of stress 


SUMMARY 


basis ons on 17 male patients with chronic, active pul 
tuberculos vin re given testosterone propionate intramu 


ed t th lg is vorthy of tral in those patients ! 


1 whom 


id used to supplement intimicrobia and 
treatme! 


Fifteen « nts gained weight while receiving testosterone After 


considering all tor n their cases. it is bel ed that 7 patients had good re 
sults, 3 had fai ts, 5 had doubtful results, and 2 had poor results from the 
administration of the osterone. The drug was we tolerated for long period 
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tostérone sont bnevemer 


ly sujets masculins atteints ce uber ulose « 


la testostérone par vole int imusculaire les aute 
merite l’étre essayée chez les malades pour lesquels 


pondéral mi onethe testostérone peut cle complément 


nent chirt 


L/augmentati le po s'est chez 15 malades sur 17 pendant |’administ 


tion ce re ! avant été considérés dans ces cas. les auteurs est 


ment que i ost Ti ck j les résultats favorab! malades. movens chez 3 


douteux chez 5 


| estostérone a été n tolérée pendant de longues périos 


Bien que certains n bons résultats arent été acg ine dose de 25 mg trois 


rdiministrat 


trois [ois par semaine 


mg 


fois par semaine es it preconisel! 
1ugim 


pendant ime période | aA nou deux mois, car or de ce temps 


cle poids ievarit ¢ 
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A Preliminary Report 
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INTRODUCTION 


pecia 


wotent antimicrobia igert such as streptomyci and 
thie therapy ol pulmor irv tuberculosis has necessitated 
Lt reappra 1 ol oe epts formerly held valid in the management ol this disease 
effort lirected toward gaming control over the tubercle 


i its forms and, once having achieved that by 


ritating the enemy into renewed activity \t best 
poles concept ol an uneasv truce betwee! parasite and 
ho LITA col rh | the high 


nee of bre ikdown 
mitia eure 


owing the 


For the pa in intentional, not merely condoned, abandon 
ipplied in treatment of hospitalized patients with 
ho ere rece ing chemotherapy vith isoniazid alone 
eptomyci his regimen has consisted of early ambu 
t short period after admission to this hospital when all 
of the disease had subsided lo date, the total number of 
treatment is greatel thar All tuberculous patients 


hospital ition vithout nterruption, vith isoniazid 


treptomyecl except tor 
Dhese pat did not recerve 


state that ces of spre ud of progressive infection to previously 
qr or tive \ 


ri vho cle eloped periphe ra 
isoniazid vithout interruptior Sufhies 


inv ol the “4 patie nts during 
their ho pital 


Lhe period 
establish whether 


pectatior th 


tollow up has been much too short to 


signmihicantly change the rate ol re LApse ix 


rease must remain only a pious hope for several 
years vas essential first to determine whether during 
hospit rvation by all ques ivailable, the applica 
tion of thi i deleterious effect on tuberculous disease of the 
lungs 


| cation J 
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rABLE 1 
Au. with TUBERCLE 


LINICALLY ACTIVE 


The most convince y idence that ambulation of the hospuali ed tuberculous 
patient is not significantly deleterious consists of detailed observations for a 
minimum of six months on all patients (96 patients) with advanced disease who 
were bacteriologically positive for tubercle bacilli and exhibited other evidences 


of active disease on admission to the National Jewish Hospital. The purpose of 


this report is to describe pertinent experiences with these patients, 44 of whom 


had moderately advanced, and 51 with far advanced, disease 


MATERIALS AND METHODS 


chosen from patients current! 


past eighteen months. Onl 
d or isoniazid streptomycin 
observed in the hospital for ne 
tubercle bacilli in the sput 
luded from the seri The 06 
inced disease; their sputum 
the time the first receives 
chemotherap 
is series are describe respect 
ind known du previous 


than the mal 7 ) cent 


twen 
ind fort nine 
The length of tin that patient had tuberculous disease letermines 


of onset of the first ptoms, t time of first hospitalizat the time of 


chest 20 per cent) of the 06 patier 


tuberculous dise for ot ir or less 


60 per cent) of the 96 patients had been treated for 

Jewish Hospital, either immediatel to admission of 
ospitalizations at other institutions f three of these 

cin and 38 had received isoniazid prior to admission. The 
ined from 10 to 250 gm.; the isoniazid dosage s 100 to S00 


months prior to admission 


1950 edition of Diagno 


verculosis Associ 


— 
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DESCRIPTION ENTS SpuTUM AND 
Disease ( t ex 
Number of patient 14 10 (17 to 6S to 46 
ears eurs 
Duration of tubers s disease 29 per cent ess than one eal 
per cent l to 6 vears 
5 per cent 7 to 30 vears 
hospita lischarge hie e patients were neluded 
vyho had been rece y is conti ious period of 7h 
months or longer and who wet s than six months, unless 
leath intervened. All patients im or with or minimal 
pulmonar iberculosis’ were mtients included in tl 
report had moderates 1 fa vas positive for tubercle 
on mile ind iif dat thi hospita 
ind without reference mre 
In table 1 the patients th oO stage of disease, cavita 
tion, sex and age distribu un tuberculous disease. The 
females, as a group, were younger MEE were between the ages of 
| 
| the time 
Pre therap Fiftv-eight 
culosis betore entering Vat ma 
it some time during torme ! 
patients had received tre tol 
total dosage of streptomvcir 
Dube of the N ation were used in this stud 
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Regimens of physica Limitations of physical activity prescribed IO! 
patients in this study were determined primarily by evidences of disease ‘‘tox 


icity’, e.g., fever, elevation ol pulse rate, anorexia, and malaise. The extent of 


physical activity was not determined either by anatomic extent of disease or by 


the presence ol absence of tubercle bacilli in the sputum In particular, the 
presence of isoniazid-resistant tubercle bacilli in the sputum was not considered a 
contraindication to physi al activity 

In general, the extent of physical activity was formally prescribed by the 
physician in terms of the regimens outlined in table 2: however, these regimens 
served only ; ide with a rather wide latitude to allow for the patients’ 
preterences 

On admission to the hospital and upon initiation of therapy, all patients were 
permitted physical activity 117, unless they were unable, either because of marked 
limitation of pulmonary function or because of toxicity, to leave their beds. It is 
evident from table 2 that this level of physical activity constitutes a ‘“‘modified”’ 
form of bed rest, by no means strict. After initiation of therapy and a period 
averaging Six weeks on p/ ysical activity 117. during which time the patient was 
observed for possible signs of clinical toxicity or of progression of disease, each 
patient was started or physical activity TV. From that point on, pro ided no 
signs of disease toxicity or intercurrent infection intervened, progressive increase 
of activity as outlined in table 2 (part 11) was automati 


Upon attaining physical activity V1, “hardening”’ activities were instituted and 


rABLE 2 
ReoimMen or Puysicant Activiry 


kixtent of Disease or Bacteriolog 


Dilitation activiti 
culture tor 


ith sputum po 


YPICAI 
Not Det Status 
1. Imiti f Isoniazid plus Phys Activity MM (Modified Bed 
Rest 
\verng f ee] 
Bath } ‘ vileges ad libitur 
Meals isicke 
PO Cs ting \ must room tor stall is 
Atte 
‘ | ec ¢ terta ments (nme eve! evening 
Bed vht 
Occ } ited (pre-vocational testing, et cetera 
Il. A ila \ctivities IV-VI 
PI ‘ ul 1\ Ill plus walking one-half hour every morning and one-half 
hour ever ‘ ro te seeks 
2. PI i ty \ LV plus meals in main d ng ! fully dressed ipproxi 
té \ enst itside pass ‘ nti with | 
demic trace irt prov led sput im 18 negative iberct paci 
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rehabilitation was undertaken. Plans for rehabilitation of the patient, however, 
were considered as early as the first or second month in the hospital, depending 
on the individual patient and the need for long-range planning. 

Regimens of chemotherapy: All patients in this series, after diagnosis had been 
suitably established, were started on isoniazid, 4 to 8 mg. per kg. of body weight 
daily, and concomitant streptomycin, | gm. every third day, with the exception 
of 12 previously untreated patients placed on a special isoniazid—streptomycin 
regimen. Observations on this latter group will be presented in detail in a future 
publication. The duration of treatment and the observations were from six to 
eighteen months, with an average period of ten months. In most cases the dur 


ation of isoniazid therapy was longer than the isoniazid streptomycin regimen 


in that a limit of nine months was usually set for the multiple-drug regimen, 


with isoniazid alone thereafter. 


Treatment was continuous in all but 5 patients Interruptions of ther ip 
tients were for the following reasons 
M. D.—-Persistent intermittent nausea and vomiting, presumed, after ex 
to be psy choge nic. lsoniazid was continued between episode s of nausea an 
his patient continued to discharge tubercle bacilli in the sputum 
kK. R Development of peripheral neuritis following a period of tre 
mg. of isoniazid per kg. dail vhile the patient was receiving 4 
therap tor at ciated conditior 1. MeCUMATORIB stoides inte 
zid was discontinued completely after nine months of t itment 
tiousness occurred during the second month of hospit slization 
R.— Development of a febrile reaction one month after initiation of 
reaction subsided and did not reoccur after reinstitution of thet ip 
a Developme! of an allergic skin reaction after three mor 
streptomy¢ ratier vas continued on isoniazid alone for elever 
of infectiousness in t second month of hospitalization 
Development « eripheral neuritis presumed to be attril 
viministration of isoniazid. Isoniazid 
tment, at which time only tsoniazid-1 
ili were present n the sputu The 
tinued to discharge 


there 


OBSERVATIONS 


Che results of treatment have been evaluated in terms of the bacterio ogic a 


roentgenographic course of the tuberculosis during therapy 


Bacter oloqu Findings 


The bacteniologic methods used in this study have been described elsewhere 

| Sputum ‘conversiol or reversal of infectiousness was defined as the time ol 

the first of a series of sputum cultures negative fol WV. tuberculosis following 

the last positive cuiture ol record. Thus, a patient vho, while or high phy sical 

activity, occasionally discharged tubercle bacilli in the sputum was not yet 

considered to have experi need sputum conversiol Sputum studies ere 
done, in general, on a monthly basis 


these 
} } 
p en 
tinued 
catalase 

i ise Po Haciiil appeared 
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Of the 06 patients ho were discharging tubercle bacilli when the treatment 
was started, sputum “conversion’’ (on both MICTOSCOPY and culture) occurred 
n 22 patients in one month; in 27 patients in two to four months; in 16 patients 

five to eight months; and in 8 patients at nine months or thereafter. Thus, 
reversal of infectiousness or sputum “conversion’’ occurred in 73 of the 96 
patients. It should be noted that, in 11 of these 73 patients, the disappearance of 
the tubercle bacilli from the sputum followed the performance of surgical collapse 
or excisional thet ips 

Cultures of tubercle bacilli isolated from 36 of the 53 patients who had received 
streptomycin prior to admission remained susceptible to streptomycin (10 
y per ml.) throughout the present hospitalization while under continued therapy 
rhe remaining 17 patients discharged tubercle bacilli which were resistant to 
streptomycin. Of these 17 patients, 10 harbored strains which were streptomycin 
resistant on admission to the hospital Chere seemed to be no direct relationship 
between the total amount of streptomycin received by the patient, eithet prior to 
admission o1 during hospitalization, and the fact that the patient’s bacterial 
flora was resistant or remained susceptible to streptomycin tn vitro There did 
seem to be a relationship between the type ol tuberculosis and the appearance ot 
streptomycin resistance. Drug-resistant strains of tubercle bacilli seemed to 
develop in general, in those patients who had very lal advanced disease and 
large cavite vhich persisted even after collapse procedures. In 6 of the 17 
patients who were discharging tubercle bacilli resistant to both streptomycin and 
iomazid (10 perm sputum “conversion” occurred after surgical procedures 

Iwenty-nine of 38 patients who had received isoniazid prior to admission had 
isoniazid-resistant organisms in their sputum at the time of admission to the 
hospita 13 of these 29 failed to attain a noninfectious status during the course 
of this study. In 16 putum conversion” did occur, but in 9 of these the “‘con 
version’’ occurred after surgical procedures 

Of 17 patients previously untreated with streptomycin who continued to dis 
charge tubercle bacilli for three to ten months, the strains from 15 remained 
susceptible to streptomycin. Two patients started to discharge tubercle bacilli 
resistant to streptomycin at five and seven months after the start of therapy 

Of 58 patients previously untreated with isoniazid, 16 ultimately discharged 
isoniazid-resistant tubercle bacilli (1 y of isoniazid per ml.) in their sputum 
Che remaining 42 patients were rendered noninfectious during treatment 


There were 23 patients who continued to discharge tubercle bacilli in the 


sputum despite the continued chemotherapy. All but 3 had received isoniazid or 


streptomycin, or both of these agents, prior to hospitalization Ten of the 
23 were discharging tubercle bacilli resistant to 10 y of streptomycin per ml 
on admission: 7 of the remaining 13 discharged tubercle bacilli resistant to 
streptomycin during treatment in this hospital. Only 9 of the 23 patients ex 
creted tubercle bacilli which were susceptible to isoniazid when they were ad 
mitted to the hospital All 9 of these patients were discharging isoniazid-re 


sistant strains within two to seven months of treatment in the present study 
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hoe nographu Findinas 


During the periods of observation of the 06 patients, 22 showed moderate to 


marked regzresslol ol the roentgenographi shadows: al the 


patients 


hpecame nol t Ing the course of this study one patients 


perienced ight. roentgenographi improvement, but kew 


came noninfectious, 


The 23 pati nts ho i led to attain sputum conve rsion’ Pa | howed 


slight roentgenog! mprovement As me ntioned ibove, these 23 patie! ts 


ol 


had the most adva berculosis in the series of 96 patients, both as to dur 


ation of disease anatomic involvement All of these patie 


its had 


either unilateral or i I avitary disease, and all but 3 had been treated with 


antimicrobials during o1 more previous hospitalization Nevertheless. 


ol these patie nts deteriorated ¢ linieally or roe nigenog! uphi illv a i result 


physica 


ol pro 


gressive tuberculou n, although they were permitted wide freedom of 


ly ) patients, roentgenog! iphically demonstrable cavities pM rsisted for month 


alter sputum 0 i In only tf these patients thus far. has re 


been performed CASECS histologi examination showed « mplet hea 


ol the cavitary walls he cas vill be deseribed elsewhere in det 
ly ol ly 2 patient lay roentgenographi der 
course of this study I inpstances the ncreases ippeared du 


month ol chemotherapy re sed vithin Ole month thout 


chemotherapeutic regime in physical activity. In these specif 


ised densitt ippea directly eontiguous to ilreads 
nical 


After the Or ol chemotherapy oniyv transient episodes ol 


TOXICITY Were occasionally oted The episodes were in some instances 


found 


be due to nontuberculous infections. In other instances, and only among a 


few patients who excreted isoniazid-resistant bacilli. they were attributed to 


ibsorption ol produc ts of the hacill which continued to multiply 


CAVITIES Almost it pat ent vho were underwe ight on vdimissiol gained 


Opn 


ight 


1035 
ir during the 
ring the first 
change 
| CHS the 
] j \ 46 thoraci irgicnu procedure vere ¢ ed 
1. Miscellane ‘ 23 (on 22 patient 
extraper ‘ ve plombade tior 
intrapleur ‘ " 
1 Monaldi d ye 
| decorticat 
B. Resections: 2 ! tients 
2 segment resecti 
pneumonect 


1036 DRESSI NTHONY, RUSSELL, GROW, DENST, COHN, AND MIDDLEBROOK 


Of the 22 patient o received the non-resection surgica procedures mis 
had become noninfectious before surgery: became 


y surgery, although 2 patients had been discharging 


six months; and 10 patients continued to discharge 


procedure 
noniniectiou 


isoniazid-resistant baci lor 


bacilli follo g the surgical procedures 


Of the 23 patients (23 procedures) in whom sectional surgery was performed, 10 


nversion’’ prior to surgery; 


tuberct 


had experienced sputun co 9 became noninfectious 
| remained so although all had been discharging bacilli for 


hollowing surgery are 
and 4 patients continued to dis 


periods of four to twelve months prior to surgery; 


charge tubercle ba the sputum following excisional therapy. 


All of these patients on whom surgery was performed were ambulated in the 


patie nits who did not undergo surgery They were trans 
ind handled in the same manner as patients unde 


nontuberculous disease. Patients were re 


ime fashion as those 
ferred to the irgica 
urgery tor 
Chis was done gradually, and full physica 
Exceptions to this practice were 


gong major thorac 


ambulated hollowing surgery activity 
is attained during a yp riod of two months 


made in a few patients whose physical activity was physiologically limited by 


marked disturbance of cardi 


opulmonary function due to the anatomic damage of 


yrowres cise ist 
| 


Deaths: Four deaths occurred in this series of 96 patients and the details of the 


individual cases are as follows: 


e patient had far advanced bilateral tuberculosis w 
ree months of isoniazid streptomycin treatment 


Following surgery, a bronchopleural cutaneous fistula 


Staphyloco s aureus. The patient’s condition rapid! 


ile patient, had moderatel uivanced right upper lobe 
tubers isoniazid-streptomycin for six months. Sputum ‘‘cor 
versior ths. Six months after the start of therapy, an extraperiosteal 

chnique) was performed, using 50 Lucite spheres to maintain 


the patient developed a sudden massive pulmonary 


Nine 


ve da 
t bleeder was sutured 


formed and an intercostal 


1 during the hemorrhagic episode. Anuria and 


1 to ‘transfusion kidney,”’ proved b 


ittributes 


localized cavitar 


vealed apparently inactive 


yneumonic reaction which resembled that of prim 


with moderate! vivanced bilateral tuberculosis 


vith isoniazid-streptomycin and had become noninfec 


of this therapy He had been treated with streptomyci: 


ittaining sputum ‘‘conversion The patient was a 


ws attributed to nght ventricular failure due 


ind interstitial pulmonary fibrosis. Autopsy shov 
healed bila i healed ivit 
bronchies the right middle lobe bronchus 


tuberculosis. was observe 


ur months Secause 


ot the 


25-vear- Neg ema ith 
left upper ‘ telect Atte t! left 
deteriorated | it 
typical pneu i 
t-vear-old whit patient 
PAS for the previous year without [Jia 
chronic asthn Sudden death \ long 
wed 
F.8S., a 50 male with far advanced bilaters) | 
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suspicion, later « ed itt ) ad neop or tun ing lung biopsy 
ipsed into 
ith wide 


spread met t it nonar tuberculosis 


DISCUSSION 


The aims of antimicrobial therapy of pulmonary tuberculosis are twofold: 
the control of so-called active disease’? and the prevention ol relapse Che 
application of rest in all its forms, emotional and physical (strict and modified) 
found its rational basis in both of these aims (3, 4, 5). It was observed long ago 
that the clinical toxicity of active ‘“‘consumption”’ was usually reduced, often 
dramatically, by rest in bed. It was surmised that, with the abolition of clinical 
LOXICITS and the increase in appetite and general “phy siologic tone,’ the forces of 
host resistance to the disease were boosted. There were no means available for 
direct attack on the essential pathogenic agent, the tubercle bacillus 

Prolonged rest, with marked limitation of physical activity, sometimes taking 
the form of strict bed rest, was applied also for the express purpose of preventing 
subsequent relapse 5). It seems quite reasonable to assume, and it may well be 
true, that closed necrotic lesions or inspissated cavities would be less N Lo 
open under a regimen of rest and thus permit multiplication of viable tubercle 
bacilli “‘resting”’ in such foci. It was reasoned, therefore, that, if the patient could 
rest until such foci were well sealed-off by fibrous tissue or until the resting bacilli 
in such lesions had lost their ability to multiply when again exposed to oxygen, 
there would be less chance of reactivation of the disease 

Che advent of antimicrobial drugs for tuberculosis did not immediately change 
the concensus that rest was the sine qua non in the treatment of pulmonary tuber 
culosis The general experience with streptomycin alone, or even with strepto 
mycin-PAS, brought disappointment to some who were looking for liberation 
from the shackles of ‘rest.’ [his seems to have been true regardless ol the spec ihe 
level from which the particular physician was trying to find release for his 
patients, 1.e., strict bed rest, modified bed rest, or merely the duty of the after 
noon hap Indeed, streptomycin or streptomycin PAS failed to render nearly all 
of the treated patients noninfectious, and the emergence of drug-resistant 
tubercle bacilli, still highly pathogenic for guinea pigs and man, was a 
constant threat. These facts naturally failed to encourage the conservative 
physi ian to reorient his views concerning ‘‘rest’”’ as an essential accompaniment 
of all other modes of treatment of tuberculosis 

With the addition of isoniazid to the previously available antimicrobials, 


the present writers have attempted to re-examine the role of rest in all of its 


aspects With regard to the application of rest toward the immediate aim of 


therapy, the control of the acutely active disease and its clinical toxicity, ce 
tainly isoniazid used alone or with other drugs has proved to be more dramati- 
cally and more consistently effective than rest in any form. It has subsequently 
been established that the principal activity of isoniazid in this rather prompt 
abatement of toxicity is probably attributable to its direct antimicrobial action, 


the interruption of multiplication of the parasites 
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lsoniazid ! neriminated however, by the re markably high incidence 
ol mutatits ot tul ele Dacill resistant to its actior his incidence was much 
higher indeed than it was with streptomycin (6); and streptomycin had already 
revealed its limited usefulness in this respect (7). Nevertheless, the present writers 
were truck by the pecu larly lrequent general nical improvement of patients 
vho were still discharging tsoniazid-resistant tubercle bacillin in the sputum 
and, more particularly, by the rarity with which such patients developed new, 
progressive lesions i other parts ol the respiratory tract or ol the body Phis 
observation confirmed the opinion first expressed by McDermott, Muschenheim, 
and their associates that the question ol the role of isoniazid-resistant tubercle 
bacilli was much more complicated than it had been with streptomycin (8 
Subsequently, it was shown in the laboratories of the present writers (9), and 
independently observed by certain British investigators (10, 11, 12), that tubercle 
bacilli resistant to the direct antibacterial effect of isoniazid in vivo were com 
monly moderately or highly attenuated for guinea pigs. It was assumed, there- 
fore, on the basis of the admittedly limited clinical experience of the present 
writers——but corroborated by the experimental data (1, 13, 14 that isoniazid 
resistance might not have the same alarming clinical significance as bacterial 
resistance to streptomycin or to PAS 

(s for the previously emphasized role of rest in another major aim ot treatment 
of tuberculosis, i.e., the prevention of relapse, the present writers re-examined the 
mode of action of isoniazid in vitro and in vivo. Once again the fact was im 
pressive that this agent, like streptomycin, is highly active only against multi 
plying tubercle baci As a consequence, it could be expected that this agent 
would be effective as a short-term treatment of tuberculosis. Tubercle bacilli, 
still viable but metabolically dormant in closed necrotic lesions, cannot be, and 
are not. stenlized by these agents (15, 16 17): nor is there, incidentally, any 
evidence that rest of the host hastens the loss of viability of these resting or 
ganisms. Indeed, if isoniazid, or isoniazid plus other available sterilizing agents, 
is to participate in the elimination of these resting bacilli, it seems that a new, at 
first thought paradoxi al, approa h to treatment is indicated. Such foci as these 
which might open subsequent to the period ol hospitalization and serve as sources 
of tubercle bacilli for reactivation of disease should, the writers believe, be given 
every opportunity to open under the protection ot « hemotherapy with isoniazid 
Ihe hope is that the initially minimal population of viable bacilli which starts to 
multiply when such foci ulcerate would soon be sterilized in toto by the isoniazid 
present in their environment during the first recrudescence of the higher meta 
bolic activity associated with their multiplication. In other words, the present 
writers concluded that to employ isoniazid alone or with other sterilizing drugs as 


possible agents i atte mpts to lec rease the incidence ol tuber ulous relapse re 


quired intentional abandonment of the hallowed policy ol long term physical 


rest 
Che purpose of the present study was to determine whether abandonment of 
the prolonged bed rest so widely recommended would actually be deleterious 


It was not feasible to carry out a controlled study with randomization to de 
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termine whether impro ement’’ would be less rapid without than with bed rest 
Hence, it was unfortunately necessary to rely upon “‘clinical’’ experience to 
arrive at a conclusion that bed rest would have added little to the rates of im- 
provement of the patients studied 

rhe results of the present study have led the writers to the conclusion that a 
psychologically permussi approach to physical activity in te hospital 
onment under cover of chemotherapy with isoniazid-streptomycin is not del 
eterious to tuberculous disease of the lungs. Moreover, as a result of this study, 
it is believed that the vast majority of patients with pulmonary tuberculosis, 
advanced as well as minimal, no longer have to ‘“‘ac quiesce”’ to the disease (18 
They need only acquiesce to chemotherapy and surgery; and this is probably 
most effectively achieved in a hospital, where the habit of taking drugs and the 
educational preparation fol definitive surgical intervention at the proper time 
may be learned with the least difficulty 

It must be clearly evident that these studies were based upon the conviction 
that isoniazid holds a unique position among antimicrobial agents now available 
for the chemotherapy of tuberculosis. However, lest there be misunderstanding 
concerning the writers’ position, it should be stated here that the apparent at 
tenuation of most isoniazid-resistant mutants of tubercle bacilli does not mini 
mize efforts (19, 20) aimed at rendering the excreta of as many patients as pos 
sible negative for tubercle bacilli as early as possible in the course of therapy 

The general physiologic and psychologic advantages consequent upon aban 
doning long-term bed rest are discussed elsewhere (21). Suffice it to reiterate that 
the expectation of a significantly lower incidence of relapse of tuberculous disease 
after long-term chemotherapy and short-term bed rest remains only a hope 
Only meager evidence, indirect at best, is presently available to substantiate this 
hypothesis 

During the course of this study at least 6 individual patients had transiently 
discharged tubercle bacilli in the sputum at least three months after first at 
taining sputum “conversion ” The tubercle bacilli isolated on these occasions 
were isoniazid-susceptible. Furthermore, these episodes were invariably con 


temporaneous with, or followed shortly after, experiences accompanied by 


physical or emotional stress. Indeed, it seems likely that, had sputum tudies 


been done more lrequently, a much higher incidence of this phenomenon would 
have been encountered among the patients It has long been assumed that such 
episodes as these may be the forerunners of clinical reactivations of tuberculous 
disease (22). If this be true, it would seem at the very least that full physical 
rehabilitation of the patient should be accomplished before interruption or dis 
continuation ol chemotherapy Thus, if the results of the present studies are 
confirmed, then it is medically, as well as economically and soc logically, es 
sential to achieve complete rehabilitation as soon as possible in each patient who 


receives chemotherapy for pulmonary tuberculosis 


SUMMARY 


N inet v-six patients with advanced active pulmonary tuberculosis were ambu 


lated under the protection of chemotherapy with isoniazid or isoniazid-strepto 
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mycin soon after admission to the National Jewish Hospital They were observed 
and treated for an average of ten months after admission 

No evide vas obtained that treatment in a hospital without long-term bed 
rest had a lor ffect on the course of the tuberculous infection in these 
patients 

he theoretical basis for this practice was discussed. The hope was expressed 
that this policy of early ambulation and rehabilitation under cover of chemo 
therapy wit! miazid, alone or with other agents, might be more effective than 
long-term bed rest in preventing subsequent reactivations of tuberculous in- 


fection 


MARIO 


iberculosis pulmonar activa, avanzada, se les dejé levantar 
quimioterapia con estreptomicina més isoniacida o con isoni 
itamiento y observacion de enfermos promedio diez 

el tratamiento en un hospit sl sin re poso en cama a largo 

obre la evolucion de la infeecién tuberculosa en estos enfer 

rica de esta practica | Xpresase la esperanza de que est 
Hilitacion tempranas il amparo cde la quimioterapia con monin 
igentes, resulte mds eficaz que el re poso en cama a largo plazo para 


nes subsiguientes de la infeeciédn tuberculosa 


RESUMI 


pulmonatre 


apie: Un rapport pri 


e malades atteints de tuberculose pulmonaire évolutive avancée 
le lever a SOUS ld protection cle la chimiothérapte par la streptom cine associer 
isoniazi oniazide seule La période moyenne de traitement et d’observa 
tion des n a i 1X mois 

1 aucune preuve que te traitement hospit ilier sans alitement 
cours de l'infection tuberculeuse 

cette pratique est examinee Les auteurs esperent que cette poli 
tique du | pres t de ta réadapt ition sous la protection de la chimiothé: ple avec 
lisoniaz socié A agents, se montrera plus efficace que lalitement 


prolongs prey t les réactivations ultérieures de l’infection tuberculeuse 
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INTRODUCTION 


Nonhospitalized patients with active pulmonary tuberculosis have been an 
important public health problem for many years. Official records indicate that 
uch patients make up more than half of all known active cases and exceed the 
number hospitalized for tuberculosis. In the past this problem has been attacked 
in a variety of way These have included the establishment of modified isola 
tion facilities in the home and the employment of collapse therapy on an ambu 
latory ba Vost commonly, little has been done except to decry the situation 


and agitate for more hospital beds 


The recent change in the tuberculosis institutional picture has made it ap 


parent that a different approa h to the problem is needed In many places the 
shortage of hospital beds, long considered the primary cause of failure to hos 
pitalize patients, no longer exists. Yet many persons with active tuberculosis 
are present in the community despite empty beds in hospitals The develop 
ment of antimicrobial drugs has made available a method for readily treating 
nonhospitalized patients, and oral preparations have made its large-scale appli 
cation feasible. Under these circumstances, a study of oral antimicrobial therapy 
in nonhospitalized patients with active pulmonary tuberculosis as a public 


health control measure seemed indicated 


Bac } ground ol shigation 


In March, 1952. a group of 110 patients was selected from the rosters of the 
clinies of the Bureau of Tuberculosis of the New York City Health Department and 
placed on a regimen of approximately 150 mg. of isoniazid daily for a period of eight 
months. The findings at the end of that time have recently been published (1, 2 

During the bsequent year the group was treated in a variety of ways. Some 
of the patients received no further antimicrobial therapy - others were given strep 
tomycin-PAS. The majority, however, were continued on isoniazid, to which PAS 
was subsequent ulded. For administrative reasons it was necessary to interrupt 
the treatment of all patients for at least three months during the period. As might 
be expected, not lo SS patients originally given the eight-month course of 


soniagzid ther ip) could continuously obset ved throughout the following twelve 


months The re were 6 deaths. 3 of them due to tuberculosis: 3 other patients had to be 
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VERTER NONCONVERTER 


leterioration of their disease; and 3 patients became delin 

One patient, who had been dropped toward the end of 

riod ot therapy her hospital vimission was Impending 

us again included in the study of nonhospitalized patients 
e 89 patients observed between Januar ind December 31, 1953, 

months after isoniazid therapy was begun, are indicated below 

lhree of the patients had too few organisms in their sputum at the beginning of 
treatment to permit bacteriologic evaluation; hence, they have been omitted from 
the ana of the remaming S6 patients tubercle bacilli could no longer be 
demonstrated, a sputum “conversion” rate of 28 per cent. The age and sex distribu 
tion of the onverters”’ and “‘nonconverters”’ was very similar. A larger proportion 
of white persons were nonconverters,”’ and the difference in conversion rate by race 
vas statistically significant when wijusted for age and sex. As indicated in table | 


reentage of patients whose disease was of more than five vears’ duration was 


ilmost identical in the two groups. On the other hand, only 12 per cent of the “con 
verters had received streptomycin before isoniazid therapy, compared with 32 
per cent of the “nonconverters.”’ That the difference in sputum “conversion” rate 
uuld not be attributed entirely to proved resistance to streptomycin may also be 
seen in this table 
Isoniazid resistance of the patient’s strain of tubercle baci as defined as any 
growth in 5+vy org ‘ in ly of the drug per ml equal to that in the control tube 
Drug-resistance studies were made at the end of the twenty-month period of obser 
ition. Isoniazid-resistant strains were present in 34 patients and absent in 33. In 19 
ses, data concerning isoniazid resistance at that time were not available, usually 
suse the patient | ad | entered a hospita! or had become delinquent in 
ittendance 
During the vear of ral no change ) isoniazid resistance was observed in 
the strains of tuber i i derived { 53 the 67 patients. Drug-resistant 


strains developed " patients between whth and twentieth months. In 10 


patients whose tuber bac i showed definite resistance to isoniazid at the end of 


the initial period of treatment. the strains isolated a vear later failed to show this 

propert At the | ad 5 of this group | ul sputum negative for tubercle bacilli 

on culture, 3 following ministration of streptomycin. The other 5 patients 
bacilli se patients had also received strey 


patients whose strains showed no resistance t« 
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rABLI 


witn ActTivi 


PHERAPY IN 


within 4 months 


regularl 


isoniagziad 


the sputum at the 


twenty 
months 


The roentgenog hanges during this time were much less imp! 1 Im 
provement noted in 


oS instances (44 per cent 
cent Phe 


and deterioration in 17 (20 per 
r presented no significant roentgenographi aiflerences except 
one nstance in which the patient showed regression of a parenchy 
iltaneous enlargement of hilar and paratracheal nodes 


The results of the pilot study seemed to warrant its expansion and, during 
July and August, 1953, 


untimicrobial therapy 


additional group of 494 patients was started on oral 


Che six-month results observed in this group form the 
basis of the present report 


MATERIALS AND METHODS 
The 


genet eriter or selection were used as in the original stud vith 


1 
subsequent group included a | 


important difference I he 


irger proportion of younger 
imber of patients who had been awaiting hospital admission. More 
irge numbers ot tubercle b 


patients and also a 


ov the presence vcilli in the sputum was not considered a 
ind some patients were included in the 
to their cooperation. Many of the latter 
tuberculosis host 


pit wwainst medical advice 
The basic regimen of treatment 


divided doses. The 


necessal prerequisit or drug treatment * program 
iltthough doubt « 


D ts had recent 


was 300 mg. of isoniazid and 12 gm. of PAS dail in 
visited the clinic once 
roentgenograms 


Three hundred and f 


1 month, at which time they received 
chest 
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of the remainder of this report The rem ning 146 patients 
PAS long enough to evaluate 
the stud rhe 1 ons for tl 
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this regimen and yen 
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¢ elimination of the 146 patients are shown in table 2. Most 


eve loped signs of drug toxicit 
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one serious reacti 
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ed while awaiting admission 
Phe characteristics of the 348 patients who remained under treatment for the full period 
ire shown in table 3. More than 70 per cent of the group were males, and predominant! 
white males. Females were almost equally distributed by color. The proportion of patients 
less than fort hive ears of age and forty-five ve 
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LECEIVE 1Azip-PAS Tuerary ror Six Mo 
SEX AND COLOR 
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Than 4 


All males 
White 
Negro 


All females 
White 
Negro 


All patients 


RESULTS 
Roe nograph cf hanae Aft row V onths oJ The rapy 


The roentgenographic status of all patients just prior to and after six months 
of isoniazid—PAS therapy was compared and classified as showing marked o1 
slight improvement, no change, or deterioration of either marked or slight degree 
These findings were available for all but 3 patients. Some degree of roentgeno 
graphic improvement was observed in 133 cases (39 per cent), and in 53 in 
stances the improvement was greater than slight in extent. The difference in the 
percentage of improvement in white and nonwhite patients, as shown in table 4, 


was of borderline statistical significance. Patients less than forty-five vears of 


age showed roentgenographic improvement more frequently than those more 


than forty-five years old (table 5). There were no significant changes in the 


roentgenographic results by sex of patient or duration of illness 
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between roentgenographic changes and sputum ‘conversion’? was studied and 
the results are presented in table 8. This information was available for 98 of 
the 99 sputum “converters,” the other being one of the 3 patients whose six 
month roentgenogram was not at hand. As might be expected, the percentage 
of roentgenographic improvement among sputum “converters” was significantly 
greater than among ‘“nonconverters.’’ Conversely, only 2 of the patients who 
showed sputum “conversion” were considered as showing any degree of roent- 
genographic deterioration after six months, and this was slight. Almost half of 
the sputum ‘converters’? showed no roentgenographic changes during the six 
month period his illustrates the disparity between the speed ot roentgeno 


graphic and bacteriologic response to antimicrobial therapy 
lsoniazid-hesistant Strains of Tubercle Bacilli 


Another factor inve tigated was the presence of resistance to isoniazid of the 
tubercle bacilli recovered from the sputum of patients before and after six 
months of isoniazid—PAS therapy 

The determinations were carried out by the direct inoculation technique ; the 
sputum was planted at the same time on culture medium containing | y of 
isoniazid per ml. and on drug-free medium. Resistance was considered to be 
present when the amount of growth on the drug-containing tube was as great as, 
or greater than, the growth in the control tube, provided that growth on the 
latter was more than scant 


Isoniazid resistance before chemotherapy In 110 cases, data were available on 


the drug resistance of the patients’ strains at the time antimicrobial therapy 


was started. The strains of M. tuberculosis recovered from 11 patients were 
isoniazid-resistant, and the strains recovered from 99 patients were drug-suscep 
tible. Information was lacking on whether the 11 patients with isoniazid-resistant 
strains at the start of therapy had previously been treated with isoniazid. At 
the end of six months of isoniazid-PAS therapy, 8 of the 11 of these patient 
strains were still isoniazid-resistant, one patient was no longer discharging ba 
cilli, and no report on drug resistance was obtained for the other 2 patient 
strains 
lsoniazid re lance at six months of chemothe rapy Che incidence of isoniazid 
resistant strains of tubercle bacilli at the end of the six-month treatment period 
was determined in 82 of the 99 patients whose pre-treatment strains were sus 


ceptible to lv ot oniazid per ml. The results are shown in table 9. Onlv 7 of 
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the 82 patients (8.5 per cent) were discharging isoniazid-resistant strains after 
six months of isoniazid—PAS therapy. As 41 of the 82 were no longer discharging 
tubercle bacilli in the sputum at this time, the incidence of drug-resistant strains 


among patients who were still infectious was 17 per cent 


DISCUSSION 


Following the publication of the first study of this series, a number of inquiries 


were received about the reasons for the differences between the results observed 
and those obtained by such other groups as the U.S. Public Health Service } 
the U.S. Veterans Administration (5), and the British Medical Research Coun 
cil (6). Such questions have prompted the present writers to emphasize again 
the nature of the group of patients under investigation 

rhe patients in the present studies were nonhospitalized, completely am 
bulant, and were engaged in their usual daily activities throughout the entire 
period ol treatment 

Most of the patients were white males, and more than 70 per cent ol the 
original group and more than half of those recently treated were lorty-live vears 
of age or older. Jt should be particularly ¢ mphasized that the known duration of the 
pulmonary tuberculosis was a minimum of five years in at least one-third of th 
patients A substantial proportion ol the patients in the study had previously 
been treated in a tuberculosis hospital on one or more occasions and had left 
for a variety of reasons, most commonly against medical advice. The one chat 
acteristic common to all was the presence of active pulmonary tuberculosis at 
the time the patients were accepted for antimicrobial the rapy in the program 

Che pulmonary tuberculous lesions in patients of this type are appreciably 
different from the lesions in younger patients with recently discovered disease 
who are treated in the hospital Patients of the latter type composed a large 
part ol the population in most other recent studies of the effects of chemothe rapy 

tuberculosis. It is believed that it is this difference which, in large measure 
accounts for the differences in the results 

Viewed against this background, the six-month re s of isoniazid—PAS 
treatment in the 348 patients in the present study constitute an impressive 

inical, as well as public health, accomplishment. After a period of six months 
or less, 133 (39 per cent) showed some degree of roentgenographic improvement 
and in 53 this was more than slight in extent. The proportion of patients show 
ing tavorable roentgenogr iphi changes rose as the age ol the patients and the 
duration of their disease decreased, and reached a high point ol Ol per cent in 
those less thar Torty-nive ears old with tuberculosis of less than one 
duration. In the same interval, roentgenographic deterioration was obser 
only 21 patients and, in all but 5, was slight 

Che bacteriologic response of the group was even more striking. At the onset 


ol treatment, informatio i ivailable on the bacteniologic status of 321 of the 


348 patients, and the sputum was positive for MW. tuberculosis on culture 


Six months later was no lor gel possible to demonstrate tubs rele bac thy the 


sputum of 52 per cet s¢ 222 patients. During the same period, only on 


ol the , ire vhom tubercle bacilli could not be 
ted olf al of tubercle bacilli on ' In fact, 199 (69 per cent 
of the 290 put ih act e pulmonary tubercutl s who received six months 
ol VAL classified as nonintect the basis of eurrent 
putum vere vecompanied bow the ippearance ol soniazid 
resistant stra ut Dac in less than 10 per cent ol the patients 1 
vhom thos phenome on could be studied 
It ws recognized that definite evaluation of the effi ny torm « 
ment in tubercu not be made at the end of o1 ¢ months of obser 
tion experie! th the group of patient in pilot study during 
month per however, has established the fact that persistence of the 
rabie ef] of antimicrobial therapy can te anticipated There 1s 
to beleve this will be even more true in patients treated under the 
current regimen of larger doses of isoniazid, together with PAS 


If this assumptior correct. s« conclusions tin regard to the chemothe 


ol unhospit patients 


men results 
of patient ppearanee 


propiem of wor mpoortance 


‘ pected to persist tor pres Hie m 


Dination of patients at present 


These conclusi nm turn, help to define the place ol drug therapy in the 


tuberculosis control program. As the advantages far outweigh the disadvan 


tages, chemotherapy indicated for any patient vith active pulmonary tuber 


ulosis which has not already been adequately treated. This should be done as 


part of an integrated program fot the management of the patient betore during, 


and after hospitalization. One is not justified, however, in withholding chemo 


therapy from those patients who refuse to accept or continue institutional care 
For this reason antimicrobial treatment of tuberculosis must be a fundamental 


part ol the program ¢ ull poutine health aAVenCcIeCSs It is the responsibility of each 


uch organization to see that im the ocalityv it serves, facilities tor the use ol 
chemotherapy under rigid clinical and laboratory controls are available to every 
patient vith tuberculos) whether he be hospitalized or nonhospit lized 
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STUDIES ON THE GENETICS OF THE MYCOBACTERIA 


I. Detection of Small Numbers of Virulent Tubercle Bacilli When Coexisting with 
Attenuated Tubercle Bacilli in Mice 
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INTRODUCTION 


\ series of investigations has been designed to study the effect of mutation 
upon the properties responsible for the pathogenicity of certain of the mycobac 
teria. It is of interest, and clinically important, to determine the frequency 
vith which BCG cultures can revert to pathogenic forms. That the cultures may 
revert to the virulent state is generally accepted as a theoretical but rather 
improbable possibility. This seems justifiable, in view of the stability of the 
strains used by many laboratories for routine inoculations. Nevertheless, re 
iew of the older literature reveals a number of reports presenting evidence of 
either the emergence of colonial variants showing alterations in morphology (1 
antigenicity (2), or allergenicity (3) characteristically associated with virulence, 
or evidence of true pathogenicity of the BCG strain as manifested by the death 
of experimental animals (1, 4-8). The relative innocuousness of the BCG strain 
during the past twenty-five years, howevel! requires that such evidence remain 
sub gudiee More recently, evidence has been presented which indicated variation 
in the virulence of several BCG strains (9 

Despite the advent of microbial genetics, no one has as yet utilized the method 
ology of this discipline in an effort to determine whether BCG can actually 
unde rgo mutation to the irulent state. The retore, attempts are now being made 
to induce virulence in BCG culture strains 805 (Birkhaug) and 858 (Rosenthal 
by means of ultraviolet irradiation. Even under optimal conditions with muta 
yenic agents, the rate of mutation to virulent forms would probably he low, and 
the demonstration of such virulent organisms might prove to be technically 
difficult. The most direct approach would be to inoculate large numbers of cells 
into susceptible animals in the hope that the growth of the attenuated forms 
would be checked, whereas virulent forms would multiply selectively, causing 
progressive disease. Recent investigation on the multipheation of virulent and 
attenuated strains of tubercle bacilli in the organs of mice indicat encouraging 
differences in the rate of cell multiplication (10). It was essential, however, to 
make certain that masses of attenuated cells could not mask the presence of a 
few virulent organism hen injected at the same time. Experiments were 


designed to examine this point, to which no reference could be found in the litera 
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Fic. 1. Epithelioid tubercle produ ed in the abdominal musculature of guinea pig by the 
virulent strain of Mycobacterium tuberculosis that has been used in this investigation 


stain, 00x 


ture, The present paper concerns the standardization of a technique for the de 


tection of small numbers of virulent mycobacteria in a milieu of large numbers of 


attenuated cells 


MATERIALS AND METHODS 


Culture Phe stock cultures of BCG strains 805 and S58 which are utilized in this inves 
tigation have been maintained on Lowenstein-Jensen medium and stored at refrigerator 
temperature, Since receipt, the original cultures have been re-passaged to glycerolated 


water potato medium on four occasions 

During the course of animal experimentation, it has been found convenient to initiate 
bacillary growth in Sauton medium. When growth of the pellicle is complete, a heavy 
inoculum is transferred to « flask containing approximately 50 ml. of TB Broth Base-Serum 
medium (Difeo). When turbidity definitely becomes apparent in this medium, a second 
massive inoculum of 10 mil. is transferred to a flask of TB Broth Base-Albumin medium 
Difeo). Growth oecurs rapidl ind a heavy culture of rather even turbidity can be pre 
pared for use on the seventh day following inoculation 

The virulent strain of Mycobacterium tuberculosis which has been used is of mammalian 
origin and was isolated in pure culture from a patient in the Grace-New Haven Community 
Hospital. On Lowenstein-Jensen medium, the colonies are yellowish-white in appearance 
ct wdherent, and of raised granular character. On oleic-albumin agar without Tween,~ 
the heavily corded nature of the colonial growth is particularly evident. It has been demon 
strated that the didition of ul cerin enhances growth Mic roscopi ally the culture is 
composed ol typ ill icid-fast rods whi h exhibit a marked tendenc to adhere in serpen 
tine pattern. The virulence of the strain has been proved by guinea pig inoculation (figure | 
It is subcultured in TB Broth Base-Albumin medium (Difco) only once before use 


a Mice were selected for the experiments for the following reasons 
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Summar fal procedure Keach animal of a series of dba and Strong 
\ mice was moculated with small numbers of virulent, mammalian tubercle 
bacilli and with large umbers of BCG organisms. Plate counts were made to 
nism introduced into the host animal! 


and with BCG 


ho experime ntal an 


determine the exact numbers of each orga 


(Control animals were culated with virulent organisms alone 


alone. With the small number of virulent organisms used 


mal died within a period of eight weeks, the time arbitrarily chosen for the tet 


mination of experiments Cheretore, after the pres ribed interval of time, all ani 
mais were sacrificed, and specimens brain, heart, lungs, liver spleen, and 
kidney were taken for histopathologic interpretation. Tissues were processed 
according to the usual paraffin technique. Sections were cut at 7 microns and 


In all instances parallel section 


stained by a modified Giemsa technique 4 
data 


by a modified Ziehl-Neelsen technique iS Quantitative 


were staimed 
ts carned out within the desired range of bacterial 


relative to tout experime 
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OBSERVATIONS 


/ ing Phe lun I nfected animals appeared in the gross, to be of nor 


mai size or ¢ \ enlarged is compared with nonimnitected controls 
Immediately upon ne sy, It was extremely difficult to estimate the degree of 
nt renerally few small, subpleural nodular area 


parenchyma! 


/ETECTION OF VIRULENT TUBERCLE BACILLI | 
> st signif t numbers could be maintained «| 1 Ii i 
e which were } . spond uniforn to tub ilous inf 
‘ Phe nit s were fed Purina mouse pellets, occasiona 
iit tun perin tra 
‘ eed for approxi te inutes in order to remove larger 
supe culture was nd then recentrifuged at high speed lo 
supernatant fluid w discarded ithe pbacterial re et 
the bottom of the e¢ ig ibe was resuspended VL/15 phosphate buffs ut pit 7.0 
Che opacit the sus rought to OO px ent light EEE ance, as measured 
i Colen Jun sy hotometer, at a wv e length of [a ns 
Ly mal ciiutions Cnsior ere nU. per cent saline Direct cha ‘ 
ints of the 10 lilut ‘ red from JOO 10 bacteria ‘ per cu. mi In} 
tice, 02 ml. of a 10 lilu {the virulent culture nd O21 ft} i BCG 
| 
lumay 
nel th 
living ore ould not cer 
omplished | unting technique 
11). Plates were enclosed in plas 
complished he ed range of 
rat 


LO56 RUSSELL MILLER, JR. 


TABLE |! 
QuanTiTaTIVE Data Retevant ro Four Experiments Waicn Born 
TUBERCLI BCG Orncanisms Were [NocuLatTep Mice 
OF THE DBA AND STRONG A STRAINS 


Number of Viable Ratio of Attentuated 
BCG Inoculated to Virulent Cells 


10 107,000: 1 
10° 12,000:1 
10 03, 40071 
10 78, 000:1 


lighter in color than the surrounding tissue, could be appreciated. These were, 


however, more easily felt than seen. After twenty-four hours in fixative, the deep 


red color of the lungs had blanched sufficiently so that the nodular areas could 
be visualized with greater clarity. In appearance, the lesions were opaque and 
yellowish-gray. They varied from pinpoint size to 3 mm., and were appreciably 
raised above the surface of the lung. Individual tubercles were spheroidal; 
coalescent tubercles exhibited no constancy of gross architecture. It was not pos 
sible to shell the tubercles from the lung substance because of their distinctly 
friable nature. The lungs were generally crepitant. Bronchovascular markings 
were poorly defined. In all instances, the pathologic changes occurred bilaterally 
It was impossible to distinguish macroscopically between the lungs of animals 
which had received virulent tubercle bacilli alone and those which had received 
BCG alone 

Histologically, the lesions produced by virulent tubercle bacilli and by BCG 
were entirely different. The lungs of animals infected with virulent organisms 
showed complete disruption ol alveolar architecture but remarkable sparing ol 
bronchiol and irger Vvasculal channels The esions were essentially a sup 
purative pneumor In the affected areas there was no semblance of alveolar 
pattern, although this point was not studied with the use of elastic tissue stains 
The presence of alveou could often be inferred, however, in those instances in 
which the exudate had shrunk from the walls of the air sacs during the fixing 
process, Upon a background of innumerable mononuclear macrophages, which 
often contained large amounts of nonstaining lipoid material, there was dif 
fusely scattered nuclear debris. Intact neutrophils, lymphocytes and plasma 
cells were identifiable in small numbers. Erythrocytes were scattered throughout 
the affected area 

Between the pneumonic foci, the alveolar septa were much thickened by the 
proliferation of macrophages. There was well-marked capillary congestion. The 


alveoli were reduced in size for the most part, but focal areas ol emphysema vere 
also present Neutrophils lymphocytes and plasma cells were identified in 
greater numbers than in the consolidated areas of the lungs, but this was almost 
certainly due to the decreased density of pathologie change, which enhanced 
visualization individual cellular elements 


Bronchiols requ vy contained the remnants of degenerated neutrophi sand 
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Pulmonary lesion produced in mouse of the dba strain by virulent Mycobacterium 
tuberculosis. Viable cells inoculated numbered 540. The lesion is essentially a suppurative 


pneumonitis. (Giemsa stain; 60x 


macrophages. Epithelial cells were but infrequently shed into the exudate, and 


almost invariably the bronchioles were uninvolved in the pathologic process 


Blood vessels had circumferential accumulations of macrophages, neutro 


phils, rare plasma cells, and lymphocytes external to, and encroaching upon, 
their adventitia. Pleural exudate was not present. 

Within the lesions, acid-fast organisms were present both singly and in clumps 
They occurred both intracellularly and extracellularly and were so abundant 
that they were always evident at even the lowest magnifications 

Resolving lesions were never encountered in any of the sections examined 
There were neither giant cells nor epithelioid tubercles. Fibrosis and cavitation 
were absent (figures 2, 3, 4 

The pathologic picture following the inoculation of BCG alone was rather 
more benign. Grossly, the lungs could not be distinguished from those of animals 
which had received virulent tubercle bacilli, except possibly that there was 
never any indication of enlargement of the lungs. 

Histopathologically, the amount of consolidation was even greater than 
that seen in animals which had received the virulent strains of tubercle bacilli, 
but this was undoubtedly due to the much larger number of organisms that they 
had received 

In the affected areas there was complete obliteration of the aveolar pattern 
by the excessive proliferation of macrophages, many of which contained non 
staining lipoid material. Neutrophils, lymphocytes, and plasma cells were present 


in minor numbers. Intraseptal proliferation of macrophages and vascular conges 
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Fic. 5. Pulmonary lesion produced in mouse of the Strong A strain by the inoculation 


of 7.1 X 10 BCG organisms. The lesion is proliferative in nature. (Giemsa stain; 60 


tion were less marked than in animals which had received virulent mycobacteria 
There was never any indication of a necroli ing lesion The purely proliferative 
character of the pathology produced by BCG contrasted markedly with the 
necrotizing lesions produced by virulent tubercle bacilli (figures 5, 6 

rhe lesions produced by the simultaneous administration of BCG and virulent 
tubercle bacilli were indistinguishable from those produced by virulent organisms 
alone 

Brain: The brains of all mice examined appeared grossly normal. The virulent 


cultures of both tubercle bacilli and BCG were capable of producing an encephali 


tis, but the quantitative nature of the bacillary proliferation was entirely dif 


ferent. Thus, in mice which had received BCG alone, it was necessary to scan 
manv sections before a nidus of growth could be found. Even under these cir 
cumstances, the number of bacilli present was so small that they could be counted 
with ease (figure 7). On the contrary, animals which had received virulent myco 
bacteria exhibited exuberant lesions with unrestrained proliferation of acid-fast 
organisms (figure S The site of the lesions was not constant. They were, how 
ever, found most often within the cerebral cortex near the ventricular system, 
more rarely within the ependyma or choroid plexus itself. Small accumulations 
of acid-fast organisms were often found in the peripheral cortex, in apposition 
to the pla arachnoid, thus converting the lesion into a meningo-encephalitis 
Lesions were never demonstrated in the olfactory bulbs or in the cerebellum 
The lack of constancy in the position ol the tuberculous foe: would seem to ind! 


eate that their location was a matter of chance and that growth was initiated 
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Fic. 7. Lesion produced in cerebral cortex of mouse of the Strong A strain by the inocula 

tion of 7.1 10’ BCG organisms. (Acid-fast stain; 000% 
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Fig. 8. Lesion produc ed in cerebral cortex of mouse of the Strong A strain by the inocu 


lation of 760 virulent tubercle bacilli. (Acid-fast stain; 900 


fortuitously wherever a clump of cells happened to lodge and find conditions 
suitable for continued proliferation 
It was not possible to distinguish the jesions in mice which had received viru 
lent tubercle bacilli from those which had received virulent organisms and BCG 
Other tissues: The heart, liver, kidneys, and spleen were examined routinely 
when the investigation was begun. The heart and kidneys were not examined 
in subsequent experiments because of the paucity of lesions encountered. Al 


though marked lesions could be found in the liver and spleen, it has not been 


possible to differentiate between those induced by virulent tubercle bacilli and 


by Be G 


DISCUSSION 


The present investigation was undertaken as the first part of a broad series of 
experiments designed to study the genetic aspects of the pathogenicity of the 
mycobacteria. The possibility of inducing virulence in BCG cultures by means of 
mutagenic agents was one of the questions to be investigated. Theoretically, and 
also practically, in view of the past history of the BCG strain, it was to be as 
sumed that the rate of mutation to the virulent state would be of a low order of 
magnitude. The presence ol virulent mutants could most easily be detected by 
animal inoculation of BCG cultures which had been treated with mutageni 
agents, provided that the presence of attenuated cells in no way masked the 


expression of pathogenicity of rare virulent organisms included in the culture 
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Although this has often been tacitly assumed in working with pathogens, the 
literature revealed no direct experimental proof that this was true with BCG 
cultures. As the method selected for the detection of virulent mutants would 
be entirely fallacious if such masking did occur, it was essential to test this pos 
sibility experimentally. The results of these tests have been reported in this 
paper 


Che experiments which have been conducted have shown that, in mice, it is 


possible to distinguish, by histopathologic methods, infections caused by virulent 


mycobacteria and infections due to BCG. Tuberculosis in mice, as induced by 
the intravenous inoculation of bacilli. is predominantly a disease of the lungs The 
pulmonary lesions produced by virulent organisms are necrotizing and exudative 
after an interval of eight weeks. Such lesions have never been observed in animals 
inoculated with BCG alone after a comparable period of time. The response of 
the lungs to the inoculation of BCG is of a purely proliferative nature. Similarls 
although less convincingly, an estimate of pathogenicity may be made by ob 
serving the extent of cerebral pathology in mice. Virulent organisms produce 
exuberant lesions; attenuated organisms either fail to produce lesions or caus 
minor pathologic change. The pathology produced in other organs by either 
irulent or attenuated organisms was so similar after an interval of eight weeks 
that it was not possible to distinguish the pedigree of the infecting strain 
It has proved possible to infect mice with as few as 270 virulent organisras 
and to detect these when mixed with attenuated cells in a ratio of 1 to 107.000 
It may be possible to detect virulent organisms in the presence of even greatet 
numbers of attenuated cells, but it becomes increasingly difficult to avoid pul 
monary infarctions as the number of bacilli is increased in the small volume 
injected 
Chere has been no qualitative difference in the response ol the dba or Strong A 


trains of mice to experimental infection 


SUMMARY 


Small numbers ol rulent tubercle bacilli caused progressive tuberculosis 
in mice even when mixed with large numbers of BCG organisms. The BCG 
inocula at the leve utilized were capable ol producing proliterati e lesions in 
the tissus studied, but did not produce exudative necrotizing lesions of the 
kind observed in mice inoculated with virulent organisms with or without con 
current doses of BCG. It ippears therefore, that large inocula of BCG organisms 
do not protect mice from small numbers of virulent cells and that mice may be 
used satisfactorily to detect the presence Of variants whethet spontaneous OF 
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los inoculos de BCC, s« straron capaces de lesiones proliferativas en los 
ejidos estudiados, pe ne esiones exudativas-estacelantes de la clase observada et os 
ratones inoculados t ios Virulentos con o sin dosis concurrentes de BCG. Parece 
pues, que grandes inocu sde BCG no protegieron a los itones contra pequefias cantidades 
ie celulas virulentas jue puede usarse satistactoniamente a estos animales par lescubrir 
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INTRODUCTION 


Following BCG vaccination, a group of student nurses, medical students, and 
newborn infants have been studied in Cincinnati, Ohio, with repeated tuberculin 
testing and clinical and roentgenographic observations. In a five-year period, 
more than 2,000 persons were vaccinated, using the multiple-puncture method 
of Rosenthal and 87 different batches of BCG vaccine obtained from the Re- 
search Foundation, Chicago, Illinois. The present report deals with small groups 
of these subjects who have been available for observation for a considerable 
period of time. All of the tuberculin reactions studied were performed and 
measured by one of the writers 

After BCG vaccination, a low degree of allergy was found as measured by skin 
reactions to a small concentration of tuberculin (0.0001 mg. and 0.0002 mg. of 
PPD \ high percentage ot reactors to a large concentration of tuberculin 
0.0025 mg. and 0.005 mg. of PPD and Old Tuberculin, | mg.) was also found 
There was a rapid loss of allergy to both small and large tuberculin concentra 
tions during a period of one to four years; this loss was more marked in adults 
than in infants 

In much of the work reported on BCG vaccination in the United States, the 
level of tuberculin sensitivity following vaccination is agreed to be less than that 
which occurs in natural infection with tubercle bacilli. A strong reaction to a 
small concentration of tuberculin usually occurs in tuberculosis. Furcolow, 
Hewell, Nelson, and Palmer (1, 2), using standardized PPD-S (Seibert), showed 
that 99.6 per cent of patients with proved tuberculosis reacted to a level of 
0.0001 mg. of PPD. Aronson and Palmer (3) reported that 35 per cent of Ameri 
can Indians reacted to PPD No. 1 0.00002 mg. of PPD) and 100 per cent to 
PPD No. 2 (0.005 mg. of PPD) one year after BCG vaccination. Rosenthal and 
Birkhaug have advocated the use of Old Tuberculin (OT) as more effective in 
measuring post-BCG vaccination allergy than PPD and have obtained 95 to 


100 per cent reactors with Old Tuberculin, | mg. More recently Shaw (4) re 


ported that 40.8 per ent of white schoolchildren and 59.1 per cent ol Negro 
schoolchildren reacted to 0.0001 mg. of PPD six months after BCG vaccination 


Chree years after vaccination, the values had declined to 22.6 per cent and 30.5 


per cent, respectively Ina group ol BCG-vaccinated persons, Birkhaug, Pang 
porn, and ( ummerow ) reported i low percentage ol reactors, 17 per cent to 


PPD No. 1 (0.00002 me. of PPD). 50 per cent to 0.0L mg. of O'1 1: 1.000 dilu 


of Cineinnati Colleges 
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tion), in contrast to 78 per cent to PPD No. 2 (0.005 mg. of PPD) and 99 per 
cent to 1 mg. of OT (1: 100 dilution). 

In contrast, Palmer (6), Edwards and Gelting (7, 8), Edwards, Palmer, and 
Magnus (9), and others working in the Tuberculosis Research Office, World 
Health Organization, Copenhagen, Denmark, have reported, along with other 
important findings on BCG vaccination, that they observed a high level of sensi 
tivity In schoolchi'dren to a small concentration of PPD. Indeed, 100 per cent 
of those tested reacted to Old Tuberculin units (0.0002 mg. of PPD) for as long 
as two years after BCG vaccination. The standard Danish vaccine is apparently 
more allergenic than the BCG vaccine which has been available in the United 


States 
MATERIALS AND METHODS 


For continuing im there ire Many variations not encountered in survey il whic h 
one batch of vaccine and tuberculin-testing material is used. Routinely, in this hospital fo 


" period of five vears, BCG vaccine has been obtained every other week in small or large 


quantities according to the numbers to be vaccinated. Newborn infants born at the hos 
pital have been vaccinated with all batches of vaccine, varying from 10 to 20 with any one 
batch. Student nurses and medical students have been tuberculin tested as a class in groups 
which usually varied from 60 to 100. The entire class was vaccinated with the same batch of 
vaccine. The variables which may occur In potency of vaccine standardization and prepa 
ration of tuberculin-testing solutions, and the errors inherent in results in small groups are 
obvious. The present report indicates the difficulties in supervision of persons for a period 


of time and the low percentage of follow-up often obtained in outpatient clinics and in 
student groups 

Vaccine: All vaccine w obtained from Dr. Sol Roy Rosenthal, Research Foundation 
Chicago. Fresh vaccine i illary or bulk form has been used for all vaccinations. Kight' 
seven different batches of cil have been used. Vaccine has been shipped I ult re 
frigerated, and used within or week. No vaccine has been « xposed to sunlight after it was 
received or when used 

Vethod of vaccine ” multiple puncture me thod of Rosenthal has been used in all 
vaccinations. The ‘ involves the performance of thirty-six punctures through a 
drop of the vaccine on ltoid region of the right arm. Vaccination sites have been ob 
served routinely two mo vaccination except for some groups observed at two 
veeks and one montl 

Tuberculin testin | infants have been vaccinated within the f 
without preliminary tube testing or chest roentgenograms. Older chil 

been tested witl nd those with no reactions and with reactions | 
luration to 0.0025 mg. of PPD were vaccinated with BCG. Prel 
wrames of the ches ere btained in older children and adults 

Following BCG vaccir n, the intervals of tuberculin testing were 
to fifteen months, twenty-four, and thirty-six months. Roentgenogras 
obtained at six l rly intervals in infants and adults 


Cu j Parke-Davis Old Tuberculin 


ns being usec wit twe! four hours. Purified Protein Derivatix PPD 


ind Dohme was use lilutions of 0.0001 mg., 0.0002 mg., 0.0025 me 10.005 1 
dilutions were ¢« " ' used within jorty-eight hours. Glassware 
needles were used only fo iberculin testing and were thorough! 
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RESULTS 


Cu or ad jroups lested for accination It may ol 


miter of tubers uli mitivity found in Ciemnati 


Ca 2 rit tested with tuberculin on admission to the ¢ ollege ol 
Nursing th, ¢ cinnati, Ohio, from 1949 to 1953, 8.2 per cent reacted 
to OLOOO] gy. of PPD and 32.5 per cent in accumu ated percentage reac ted to 
0.005 mg. of PPD. Of 365 medical students tested as freshmen, 18.5 per cent 
reacted to O.OOOL mg. of PPD and 46.1 per cent in wccumulated percentage 
0.005 me. of PPD. Of 355 employees of the Dunham Tuberculosis 
Hospita ) nt reacted to 0.0001 mg. of PPD: and, of 73 graduate nurses 
it the ©) ral Hospital, 55.7 per cent reacted to 0.0001 mg. of PPD 
Phe og i represented older age groups. BCG vaccination has been 
optior ol t nurses, medical students, and hospital personnel. The great 
majority 0 neg e or questionable reactors to the large testing solu 
tion req t ! ed BCG vaccination eaving too few controls for cde 


Vaccination a or nulliple puncture method of Rosenthal: In the great 
major Vy ol ct ma papules deve loped ut the site ol the w;cmatiol n 
the pattern o disk of thirty-six punctures over an area of a square inch 
In some perso é r than thirty-six papules developed and, in a small number 
no papult ippeared rm Wis considerable Variation mn the size ol papuies 
ond mm the neth of time thev remained. In Negro infants, the pattern of papules 

re prominent than in white infants or older people and frequently 


d formation in the puncture wounds which was visible for 
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In the infant group, a large number of vaccination sites were observed and no 


correlation of the prominence ot the vaccination site with the degree of allergy 


produced was found, as measured by the size of the skin reaction to either a 


small or large tuberculin concentration. During the course of these studies, for a 
period ot five vears no difference inh the vaccination lesions or il the degree ol 
allergy produced by batches of vaccine of increased concentration was noted 
The concentration of the vaccine has been increased at intervals from 15 mg 
in 1949 to 30 mg. per ml. in 1953 

No severe reactions have been encountered in more than 2,000 vaccinations 
either locally at the vaccination site or in general systemic reactions. Axillary 
lymphadenopathy of a slight degree occurred in only 5 instances. No local abscess 
or lymphangitis has occurred 

Tuberculin sensit fy to large concentrations of tuberculin following one BCG 
vaccination: At the beginning of the study in 1949, it was apparent that 
degree ol allergy vas produced by vaccination. Very slight or no reactions OF 
eurred with PPD in 0.00002, 0.0001, 0.0002 mg. dilutions. The last-named dilu 
tion is the tuberculin dilution recommended by the United States Public Health 
‘rvice tor testing BCG-induced allergy Some of this lack of alle rv was later 
found to be due to PPD with low antigenic quality. Old Tuberculin was recom 
mended by Rosenthal and Birkhaug as more effective than PPD in measuring 
post-BCG vaccination allergy, so a large group of people have been tested with 
| mg. of OT. Other groups have been tested with PPD 

In tables 1, 2, and 3 are shown the results of tuberculin tests of the same per 
sons tested with | mg. of OT at two or three months, twelve to fifteen months 
and twenty-four to thirty months after one BCG vaccination. Persons included in 
successive tables were tested at the previous time interval. The result how the 
percentage of tuberculin conversion after vaccination and the percentage ol 
reversion to negative after different intervals of time. At each interval, the pet 
centage of persons on whom follow-up information was available is giver 

In table | may be se« the number and percentage of reactors with 5mm. and 
more of induration to 1 mg. of OT at fortv-eight hours when tested two or three 
months after one To ition. When measured by a reaction to a large concentra 
ion (1 mg.) of OT, 83 per cent of medical students, 92 per cent of student nurse 
and OS per cent of me born infants became positive reactors or tuts reulin “eon 
erters.”’ The perce! of the groups te sted were S87 per cent ol the medical 
students, 92 per cent of the student nurses, and only 58 per cent of the infant 
originally vaccinated 

In table 2 is shown the tuberculin sensitivity to 1 mg. of OT twelve to fifteen 
months after one BCG vccination, with percentages ol the previously positive 
reactors who reverted to negative between two months and the twe e- to htteen 
month interval. Thirty-two per cent ol the medical students, 4 pel it of the 
student nurses, and 5 per cent of the infants became negative rea during 
this period ot time 

Those who remained tive to | mg. of OT twenty-four Vv month 


after one BCG vaccu re shown in table 3. The reversion | ‘ 23 pel 


| 
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rABLE 1 
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or more ‘ it forty-eight hours 
than ‘ v-eight hours 
group had been vac d as long as two or thr 
ind read by v 52 were lost, never returt 
oentgenograms ar tt reulin tests 


included in the 


rABLE 2 
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KCCINATION. PER 


Medi 


Student 


led in table | 
ned as 5 mm. or more of it ition a 
» induration or leas than 5 m it fort it hours 
; Att time of t tabulation, approximately 37 wborn infants had beer 
cinated for as lor ws tv ve to fifteen months; 206 (55 per have been seer 
clini at at read elsewhere reported a8 px \ the 160 


test vere Trea writ s are included in the table 


cent for medical students, 29 per cent [or student nurses, and 4 per cent tor in 


lants betw n fifteen months and twenty-four to thirty months 


Although the percentage of the groups retested as shown in tables 2 and 3 18 


small, particularly for infants, this represents the total tested with OT at these 
intervals Of time Ln xpectancy reversion rate has been constructed from thes« 


results on the ba of 100 persons in ea h group and the above percentages of 


reversion to negative. From this calculation, it would seem that 57 per cent of 


the medi i tudent 4S per eent of the student nurses, and 11 per cent ol the 


infants would become nonreactors to as large a test as 1.0 mg. of OT in a period 
of thirty months after BCG vaccination 


It should be noted again that significant or “‘positive’’ reactors include only 
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TABLE 3 
PUBERCULIN SENsitiviry TO 1 Mg. or Tunercutin TwWenty-PouR TO 


Mont Arter Ong BCG Vaccination, with Per CENT 


FoLLow-vl 


Medical students 
Student nurses 
Potal adults 


t. Infants 


* These persons are ine ided in table 


t A positive re on a das 5 mm, or more of induration at fort 


tive reaction defi is no induration or less than 5 mm. at forty-eight 
t At the time of this ta lation, 192 newborn infants had been vaccinated as long as 


twenty-four to thirty mont 75 (39 per cent) have been seen the clinic; only 5O had 


tuberculin tests read | 25 others reported i8 positive b other p s1c1lans 


those with firm, definite induration of 5 mm. or more in transverse diameter at 
forty eight hours \ ague superficial spongy reactions with much erythema have 
been classified as nonsignificant or “‘negative’’ reactors 

Che present writers have not found the persistence of a significant reaction 
to 1 mg. of OT to be as long as others have reported The variation in reports 
may well be due to differences in the criteria used to define a significant reaction 
as well as to differences in the potency of Old Tuberculin. 

When all of those tested with a large concentration of tuberculin (1 mg. ol 
OT; 0.0025 and 0.005 mg. of PPD) were combined, the following per cent of 


significant reactors at different intervals was obtained 


[wo months Medical students 239 tested per positir 
BCG vaccinatio berculin 
214 tested 
bereculin 
100 tested 


bereulin 


students 175 tested 
bereulin 
nurses 141 tested 
berculin 


ested 


berculin 


Twenty-four to il students 111 tested 
thirt x mont bereulin 
11! tested 
bereulin 
146 tested 


TUBERC 
Per 
Per Per I y Negative 
N ber a Cent Cent Negative Reverters 
Tested Nega One Year 4 to 30 
Va Month 
OF after Va 
4 65 63 27 6S 14 
157 106 67 60 16 44 iv 
hou 
if e to tu 
I'welve to fifteer Med 59 per cent positive to tu 
months after BCG 
vaccination Student SU pel cent positive to tu 
Infants 233 (il 6 per ent positive to tu 
5 pe ent positive to tu 
per cent po e to tu 
1 pe cent positive to tu 
hereulit 
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vetions to a large concentration of tuberculin, there was a 
tuberculin conversion at two months after vaccinatior at 
ths, the percentage of reactors had dropped most markedly 
med tude at twenty-four to thirty-six months, a further decrease in 


| students. Failure of reaction 


reactor wain most marked in medica 
to such ‘ centrations of tuberculin indicates a low degree of allergy. It 
is not know! er, how many of the remaining positive reactions are still 
the resu nduced illergy o1 whether ifter these longer intervals of 
time, the ibere ensitivity might have been due to acquired tuberculous or 
other u 

note the percentage of positive reactors obtained at two 
months ce ition with different large concentrations of tuberculin 
(;roup imultaneouslvy on each forearm. and reactions were read at 


iorty-elg 


75 pe 
PPD 
Mi) ner 


with different hatches of BCG vaccine: Eighty-seven dit 
ferent bate aceine were used. A high percentage of tuberculin 
conversiol obtained to a large concentration of tuberculin at the two-month 
post ec oO ng with all batches of vaccine. A reaction to a smaller 
tuberculin ce ntrs is a better measure of the allergenic property of vac 
cine VI tudies of Edwards and Gelting (7, 8). No consistent percen 
tage ol ctors mall concentrations of tuberculin (0.0001 and 0.0002 mg 
of PPD) was obtained 
In table 4, four groups of student nurses and three groups of medical students, 
ill tested at two months after BCG vaccination with known standard PPD, ar 
show! The members of each group were vaccinated with one batch of vaccine, 
but each group with a different batch of vaccine The percentages of significant 
reactors to a small concentration of tuberculin were 75, 37, 18, and 40 per cent 
for student nurses and 29, 29, and 71 per cent for medical students. No constant 
percentage of reactors to small tuberculin concentrations has been obtained such 
as that reported for Danish children by Edwards, Palmer, and Magnus (9 
Krom such results one cannot hut conclude that variation In the allergen 


quality of different batches of vaccine occurs or that experimental error in the 


multiple-puncture method may account for such variations. No study comparing 


post-vaccination allergy produced hv the intradermal! and percutaneous method 


g 
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REACTIONS TO TUBERCULIN CONCENTR 
AFTER rioN IN Groups VACCINATED 
Barones or BCG Vaccin 


of PPD 


ol vaccination using a standardized vaccine and standardized tuberculin ha 


been reported to the writers knowledge 
Tuberculin sensitivity t small and large concentration o therculin in a aro ip 
of persons te sted simultaneously on both arms at different mntervals of time atler one 
Bet (, vaccination In table 5 the low level of allergy following acemnation with 
the vaccine and method may be seen. Some of the subjec ts in table 5 were tested 
at each interval of time, and others were tested only at one or two intervals of 
time. Only Negro infants have been included, as the total number of white infants 
study was small. In a total of 840 persons tested at two to thirty-six 
month intervals, 42 per cent reac ted to the small concentration and S86 per cent 
to the large. Negro infants were most sensitive to the small concentration as a 
total group, 55 per cent as compared with 35 per cent for student nurses and 33 
per cent for medical students 
Decrease in tuberculin sensitivity by interval of time after accination Was 
most marked in the reactions to the small tuberculin concentrations. The reactors 
among Negro infants decreased from 64 per cent at two months to 53 per cent at 
twelve to fifteen months and to 42 per cent at twenty-four to thirty-six months 
Student nurses showed little change between two months and twelve to fifteen 
months, but there was a marked drop in the number of positive reactors by 


twenty-four to thirty-six months (39 to 22 per cent The number of medical 


students who were positive reactors decreased from 44 per cent at two months 


4 
ri Iwo Monts 
WITH 
NI 
‘ I I 
Student nurses 26 SOY ) 
Frest 
Student irses 14 ri 73 
Fres} 
Student irses Is Is 13 25-30) 
Fresl 
5. Medieal students 14 3 KN 
F real 
6. Medical students 17 29 42 16-BI 
Frest 
7. Medical students 25 O38-BI 
* Sn tes 000K 0.0008 g. of mz rge test--0.0025 or O.005 me PPD 
mg. of 
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5 
» Lance TuBercuLin CONCENTRATION AMONG PERSONS TEsTI 


DirreRent INTERVALS OF Time Arrer One BCG Vaccination 


rege test —0.0025 


to 35 per cent at twelve to fifteen months and to 8 per cent at twenty-four to 
thirty-six months 

In these studi the level of allergy induced by one BCG vaccination was be- 
tween 0.0002 mg. of PPD and 0.0025 mg. of PPD, 0.005 mg. of PPD, or 1 mg. of 
OT, with a smal! percentage reacting to 0.0002 mg he fact that one could safely 
give such varied dosage in simultaneous testing with very few severe reactions is 
evidence of the low degree of allergy after BCG vaccination. As some natural in- 
fection with tuberculosis had no doubt occurred at the later testing intervals, 
this low degree of allergy included any such naturally infected persons as well as 
those with residual BCG-induced allergy 

The decrease in percentage of reactors to the large tuberculin concentration 
0.0025 mg. of PPD, 0.005 mg. of PPD, or 1 mg. of OT) by interval of time after 
one vaccination is also shown in table 5. Negro infants again showed the least 
change from 100 per cent at two months to 98 per cent at twelve to fifteen 
months and to 88 per cent at twenty-four to thirty-six months. The student 
nurse group changed from 88 per cent of positive reactors at two months and 
twelve to fifteen months to 74 per cent at twenty-lour to thirty-six months. The 
medical student group changed from 91 per cent of positive reactors at two 
months to 73 per cent at twelve to fifteen months to 33 per cent at twenty-lour 
to thirty-six month 

VUean size of tuberculin skin reactions afte r one BCG vaccination: In table 6 the 
mean sizes of tuberculin reactions of the groups shown in table 5 and in a few 
additional persons are summarized, With the small tuberculin concentration, not 


only was a smal! percentage of positive reactors obtained, but the size of the re 


action was small. Only in the Negro infant group at the two-month and twelve 


to fifteen-month intervals was the mean size of reaction for the total group greater 
than 5 mm. of transverse induration, 5.3 and 5.0 mm. of induration, respectively 


lhe mean size of reaction for those showing some induration was 7.1 and 9.0 
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ReAcTIONS BY TUBERCULIN CONCENTRATION 


rime Arrer One BCG Vaccination* 


\. Two months 
Medical students 
Student nurses 


Infant 


few additions 


tv-eight hours 


mm. at two months and twelve to fifteen months for Negro infants. The low mean 
ratios for all groups show the low degree of allergy obtained, and the mean sizes 
for those showing some reaction ranged from 7.1 to 9.0 mm. at two months 

In contrast, reactions to the larger tuberculin concentration were sizable. The 
mean sizes of reactions for total groups were 15.2 mm. for Negro infants, 14.6 
mm. for student nurses, and 13.1 mm. for medical students at the two-month in 
terval. By twenty-four to thirty-six months, the mean sizes decreased to 9.2 mm 
for Negro infants, 13.1 mm. for student nurses, and 3.9 mm. for medical student 
\ decrease in size of reactions occurred with both small and large tuberculin 


concentrations with the passage of time. This was particularly noticeable among 


the medical students 


The type of reactior obtained in these ZTOUpS IS | haracteristic of a low degree 


ol aller ry AS des ribed by ked vards, Palmet and Magnus 4 namely i small 
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Miu Size or Tuser 
INTER\ 
Dube entrat Large Tube il ( entratior 1 mg 
001-0,0002 mg. of PPD of OT; 0.0025 mg.-0.005 mg. of PPD 
Su { Mea in Mea 
1 Num- 7 Mea Num- Tra Mea 
her erse e of her erse of of 
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rat G ration | Gro 
st) 692 4.0 8.6 171 165 2,507 14.6 15.1 
. 17 779, 5.3 7.1 147 146 (2,243) 15.2 15.3 
232 (1,881) 4.5 8.1 995 15,977) 14.5 15.1 
B Iwelve to fifteen months 
students 62 23 238 3.8 10.3 1] 610 OLS 14.9 
Student nurses 4.8 11.6 105 04 1,621) 15.6 17.1 
Infants 61 526 5.0 6 108 61.347) 13.0 13.4 
26S 127 1,266 4.7 9.9 | 268 | 235 3,578) 13.3 15.2 
( wenty-four to thirt 
months 
Medical students 19 10 106 2.1 10.6 IS 180 10.0 
Student nurses il 1” 242, 3.3 12.7 934) 13.1 17.6 
Infants 332) 3.2 6.9) 101 76 934, 9.2) 12.2 
221 a7 680 0 8.8 | 218 147 (2,048 9.3 13.9 
* Persons in table 51 ided and 
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tuberculin concentration and a 
concentration With the exceptiol 

of this type was obtained with | 
method 

n what considered a significant o1 positi 


rene oul ) emphasized The difference in percentage 


vith ma iberculin-testing solution ny the present eriteri 


definite wren desenbed The data markedly ad rere! 

the ize ol 0 . i S mm. rather than 5 mm. In the most set 
group Negro infant } | vere positive to 0.0002 mg. ot PPD with 
more mm ) ! iratior i vith S on 


it forty 


more mm. of indurati 
large reactions with the larger concent 


of tubercuty le difference in percentages vith the eriteri 
mm. of) ) In the infant group, at two months 09 per cent 
»>mm. eriterion and 07 > pe r cent for the 8 mm 
eaction afler BCG vaccination The tubercu 
ition has been deseribed as having softe1 
ind supert ndut or edema than the typical positive tubercu 
in a perso i tuberculous infectior \Mlanv reaction 
nfant group at the two-month and one 
mduration wa v found to be firm, ele ited ind identica ‘ i typical 
positive tubercuil reaction Kkrvthema was unusually promiune th both 
the sma il y uberculin-testing solutions 
tendence vw rapid ippearance ol induration as noted, manv reactions 
ippearing as earl) y hours, with rapid disappearance although 
erythema remained ral groups tested simultaneously with a small and 
large concentration of tuberculin, the skin reactions were measured at twenty 
four and fortyv-eig! oul 
With the sma t (0.0001 or 0.0002 mg. of PPD) in 96 subjects 
min mduratio vd 7 gave some reaction at torty eight hours Oot the 
vho gave some re 30 (oS per cent had more induration at twenty-four 
hours than at fortv-eight hours: 21 (42 per cent had the same or more indura 
tion at forty-eight hours than at twenty-four hours. Only 20 of the 96 subjects 
vere considered positive reactors, Le induration of 5 by 59 mm. or more at 
forty-eight hours 
With a large test (0.0025 mg. of PPD) in 103 persons, all gave some reaction in 
induration whet ui at torty eight hours Sixtv-four (62 per cent had more 
induration at twentv-four than at fortv-eight hours, IS becoming negative reactors 
ind 46 positive reactors at forty eight hours. Thirty-nine persons 3S per cent 
had the same or more induration at fortv-eight hours than at twentv-four hours, 
and all were positive reactors at forty-eight hours. Eighty-five were considered 
positive reactors it Torty eight hours Thus with the larger concentrations, a 
slightly higher percentage (62 per cent) showed more induration at twenty-four 
hours than with the small cencentration (58 per cent The early reaction is 


usually COSI lered i honsper ith protein reaction rather than oOo bpbacterial type 
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but is not limited entirely to the larger testing solutions. Perhaps, BCG vaccina 
tion may produce a more rapid reaction as part of the immunity picture. Some 
subjects with marked immediate tuberculin reactions which became negative 
at fortv-eight hours were afraid of revaccination 

Because of this tendency toward early reactions with rapid subsidence of in 
duration, the number of positive reactions would have been lower if tests had 
been ™ at seventy-two hours, as is the European custom 

One of the arguments against BCG vaccination is that the significance of a 
positive tuberculin test is lost in later clinical diagnosis of a tuberculous infection 
With the low degree of allergy obtained with BCG vaccination in the present 
study, the tuberculin res m (except in infants less than one year of age) still 
has significance in diagnosing a tuberculous infection. This is particularly tru 
with reactions to a small concentration of tuberculin. Patch tuberculin tests are 
used by many clinies and, in BCG-vaccinated infants less than one year of age 
are usually positive. Five young Negro children fifteen months to two years of 
age have developed proved tubers ulosis after BCG vaccination at birth as have 
2 adults, both adults being personnel at the Dunham Tuberculosis Hospital, at 
six-month and one-year intervals after BCG. All 7 had tuberculin reactions to 
PPD No. 1 (0.00002 mg.) of large size at the time of their diagnosis. Such a high 
degree of sensitivity was encountered only rarely at the first testing after vaccina 
tion in approximately 2,000 vaccinated subjects. A marked increase in tuberculin 
sensitivity above the level obtained after vaccination is suggestive of the develop 
ment of a tuberculous intection {ronson and Aronson 1] have described a 
frequent increase in the level of postvaccinal tuberculin sensitivity with the 
occurrence of tuberculous pulmonary lesions in BCG-vaccinated persons 

Experience with revaccination Chere were 52 student nurses and medical stu 
dents who were revaccinated once with BCG. All of this group had had a nega 
tive tuberculin reaction to 0.0025 mg. of PPD following their original BCG 


vaccination at the following intervals after vaccination: two to three months 


25 persons five to six months, 11 persons ; and eighteen to twenty-four months 


1} persons. All were then revaccinated 
\s many revaccinations have been done in student nurses and medical students 
near the end of their senior year, it has not been possible to follow them with a 
tuberculin test for as long as one year. Forty-one student nurses and medica! 
students have been checked at two and twelve months after one BCG revaccina 
tion Iwentv-seven were negative reactors to both a small and large concen 
tration of tuberculin at two and twelve months: 7 were negative to the small 
concentration and positive to the large at two months, but negative to both con 
centrations by one vear. Seven of the 41 were negative to the small concentra 
tion and positive to the large concentration at both two and twelve months; 11 
were negative to the smal! concentration and positive to the large concentration 
at two months and have not been tested at one year 
52 revaccinated student nurses and medical students, 34 (67 per cent 


reactors to both the small and large tuberculin concentration by 


months alter one revaccination. Seven 3 per cent vere positl 
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concentration. In all instances, no marked degree ol 
illergy Was en I All 52 failed to react to the small tuberculin concentra 
tion and gave only moderate reactions to the arger tuberculin concentratior 
There was a tendency for the papules at the site of revaccination to remain for 
several months, but with little evidence of a sensitizing effect of BCG vaccine 
Chis has been described by Birkhaug and associates (5) and others 

In infants and young children, only 20 revaccinations have been done. Ten of 
the persons revaccil ited were negative reactors to a large tuberculin concentra 
tion by one year and the other 10 gave moderate reactions to large tuberculin 


concentrations at one ar. None reacted to the small tuberculin concentration 


It appeared that with revaccination less tuberculin allergy was obtained than 


after the initial vaccination 

Many investigators have reported instances of tuberculin anergy after BCG 
revaccination in student nurses and medical students. Shaw (4) in the Columbus, 
Georgia, study of the USPHS reported that tuberculin sensitivity in 68 reva 
cinated children was less at three years than in those not revaccinated. He 
mentions the possibility that BCG vaccination reduces tuberculin allergy and 
perhaps has a desensitizing effect Shaw also reported the most rapid 1Oss Of 


allergy in those who had the largest reactions at six months after vaccination 


DISCUSSION 


In tuberculous infection there is a question concerning the significance of a 
reaction to a large tuberculin concentration. Palmer and others (9, 12), in many 
studies, have concluded that “low-grade tuberculin sensitivity”’ (reaction only to 
a strong or large tuberculin concentration) is unrelated to “high grade tuberculin 
sensitivity’ (reaction to a weak or small tuberculin concentration). The frequency 
of reactors to a small tuberculin concentration corresponds closely with the 
degree of contact with tuberculosis and with the prevalence of tuberculois. Low 
grade tuberculin sensitivity, i.e., reaction only to a large dose, has been found 
most frequently in rural areas and at low altitudes and appears to be related to 
geographic factors. Edwards, Palmer, and Magnus (9) conclude “On epidemio 
logical statistical evidence we are forced to postulate that this kind of sensitivity 
low grade) is the result of something other than infection with Mycobacterium 
tuberculosis of human or bovine type.” 

In the present writ rs’ experience, BCG vaccination has produced a low-grade 
tuberculin sensitivity requiring a large concentration of tuberculin to elicit a 
reaction in the majority of persons vaccinated. It is unlikely that either tube 
culosis or some other infection would produce this allergy in a period ot two 
months in 85 to 100 per cent of the groups of people who were negative reactors 
to these large tuberculin concentrations at the time of vaccination. These re 
actions must represent some sensitization to a traction ol the tubercle bacillus 
wv some substance in the vaccine mixture 

In regard to later testing, no information is available on the developm«e nt of 
low-grade tuberculin allergy in comparable control groups during similar periods 


of time. Twenty-four to thirty-six months after BCG vaccination, 91 per cent 
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of young Negro children, 74 per cent of student nurses, and 33 per cent of medical 
students were positive reactors to a large concentration of tuberculin. If this 
sensitivity 1s not a residual from BCG vaccination, then sensitization to some 
other organism antigenically related to the tubercle bacillus is occurring at a 
high rate in Negro infants born in Cincinnati and in student nurses. Palmer and 
Edwards (9, 12) have suggested that the tuberculin sensitivity may be the result 
of dead cells and their autolysed produc ts in the vaccine or of other mycobacteria 
also avirulent, as well as the avirulent bovine bacilli. A study of the frequency 
of reactors to a large concentration of tuberculin in young Negro infants in Cin 
cinnati is planned 

The greater tuberculin sensitivity of vaccinated Negro infants to both sma 
and large concentrations of tuberculin suggests the possibility that dosage of 
vaccine may be a factor, as all subje ts received the same type of vaccination 

sex, and age may account for the differences in tuberculin sensitivity 

rhe present results are not comparable to those of Shaw (4) with respect to 
age groups but are similar to his findings in the rapid loss of tuberculin allergy 
after BCG vaccination as measured by reactions to a small concentration of 
tuberculin 

Shaw also used vccine from the Research Foundation, ( hicago, and the 
Rosenthal multiple-puncture method. He reported that 59.1 per cent of Negro 
schoolchildren reacted to 0.0001 mg. of PPD six months after vaccination, with a 
decrease to 30.5 per cent reactors to the same concentration three vears afte! 
vaccination. In the group of Negro infants, 64 per cent reacted to a small con 
centration of tuberculin two months after vaccination and 42 per cent at twenty 
four to thirty-six months after vaccination. Shaw did not include reactions to a 
large concentration of tuberculin by interval of time. In white schoolchildren, as 
reported by Shaw, sensitivity to a small concentration of tuberculin fell from 
10.8 per cent at six months to 22.6 per cent at three years. In the present study 
38 per cent of the student nurses were reactors to a small tuberculin concentration 
at two months after accination and 2] per cent by twenty-four to thirty-six 


months; in medical students, 44 per cent were reactors at two months and 8 


per cent at twenty-four to thirty-six months. Shaw had comparable control 


groups and, during the three year period, positive reactors to a small concentra 
tion of tuberculin in controls were 7.1 per cent for white schoolchildren and 14.8 
per cent for Negro schoolchildren. His BCG-vaccinated groups three years afte1 
vaccination were not significantiy more sensitive to a small concentration of 
tuberculin than the controls 

Shaw postulated a tuberculin-desensitizing effect of BCG vaccination on the 
basis of the most rapid loss in allergy in those who had the largest reactions at 
six months and the decreased sensitivity found after revaccination. The present 
writers have found a lack of sensitivity with revaccination and less sensitivity 
in the vaccinated persons as compared with the nonvaccinated as measured by 
reactions to a small tuberculin concentration 

The junior and senior medical classes were re tested in the spring ol 1953 using 


0.001 meg. of Seibert’s PPD The subjes ts who had heen iecinated ind revac 
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as freshmen had heer 


negative reactors to a small 
of PPD were highly negative. Oniv Il per cent ol this 
group reacted to 0.0001 mg. of PPD after three and four vears of medical school 
he l et ited persons vho had been negat e reactors to a small concen 


concentration of PPD 
il gher percentage of reactors to O.OOOL me. of PPD (26 
per cent } ‘ 


ion to a small concentration of tuberculin has significance 
regard inflection the unvaccinated persons had developed 
tuberculot i! na ratio ot more than to as compared with the 
emated, It mpossible to say from these studies whether the 


or decreased the occurrence of 


ind positive reactors to 
is freshme! 


urye 


vaccination had a 
ect primary tuberculous infec 


Dhere concerning thy degree of 
duced by ecu on. and little ws vet known 
fo 


gv which should be 
ibout the 


Sarber and Hemans 13 reported that, in 
illergy after acetination had no relation to the 
il mals following cha enge W th : 
tuberct \ uded that the 


pro 


relation of allergy 
tuberculosis 


pig 


degree 
ol 


i virulent culture of 
post ination tubercu 
not 


In reaction 
Immunity 


measure of tor anti tubs re 


( omparative studi 


in animals with vac 


is to immunity 
tection 
If it 


rapidly i Shaw 


against tuberculous in 


sitive reactors alter wemnation lose allergy most 
uimed and 


the revaccinated tend 
tubercutiin test 


to become 
reactors. the Is of little 


negative 
alue in assessing the adequacy of BCG 


wemation and the revaccination except 


eed for at a short interval of two to 
iX month ccination 
\ statement 


on the 
uded Without 


occurrence of tuberculosis in the 


vaccinated groups should 
omparable controls, neo proot ol the protec tion of Ke (; 
buted No ease oft tuberculosis has occurred in 


vaccinated 
tudent nurse medical students, vaccinated or unvaccinated, during a 
e-year period ses of tuberculosis occurred in unvaccinated student 
nurses durt 


e-year px riod, 3 of whom were positive tuberculin reactors 
it the time ! 


ition of the BCG-vaccination 
vas a negati ‘ 


program The other nurse 
in affillating student who did not want vaccination 
Virtual 


e reactors to a large concentration of tuberculin among the 
tude 


medical students were vaccinated, and roentgenographis 
up these groups was obtained in a high 
tile oceurred 


percentage 
at Dunham Hospital In 


tuberculosis 


Iwo cases of 
personne! 


more than 1,000 
we ited vdu ts ; occurred during nve-veal 


cases of 
yy riod. In the wcinated infant group, 5 cases occurred in 600 infants and voung 


children who re examined roentgenographically 
) 


or meningitis and 
ered 


vithin the past year There 
rt 


3 cases of pulmonary tuberculosis 


some 1.200 infants vaccinated, these 


ire known to ha 


1 have re 
5 cases are the 
irred weording to careful check 


oniy ones that 
vith reported tuberculosis 


- 
| 
issav under the test maditions used 


\LLERGY AFTER BCG VACCINATION 1079 


cases and deaths to the itv and county health depart me nts and admission to 
hospitals in Cineinnat | Olow up studies inh the total group of itants by roent 


ue nography and « il eXaminations were obtained in approximaté per cent 


for the first vear after vaccination, and the number fel! to 45 per cent by the end 


f the second vear and to 30 per cent by the end of the third vear and thereafter 


SUMMARY 


method of Rosenthal and fresh BCG 


Ls ng the mult ple-puncture 


Research Foundation. ( hicago, there were no seve 


more than 2,000 wecinations. There 


rt 


tained from the 


systemic reactions ene tered in 


ite correlation between the appearance ol the vaccination site and the 


allergy obtained No difference in thre vaccination lespons or the degree 
vith increased concentration of vaccine 


OT, 0.005 or 0.0025 me. of 


produced vas 
loa large concentration of tuberculin | mg. ol 


PPD), a high percentage of positive 
Che values were 89 per cent for medical student 


tuberculin reactors was obtained two to three 
months after BCG vace on 

SY per cent for student nurses, and 08 per cent for newborn infant 

i small concentration of tuberculin showed 

ind method used, Of S40 persons, only 
and 0.0002 


tuberculu rene Ons 


el ol allergy obtained vith the accitve 
concentration of tuberculin (0.0001 mg 


‘ 
+? per cent rea ted toa sma 
mg. of PPD) as compared 
OT, 0.0025 or 0.005 mg. of PPD). The mean size of reactions 
further indicated the low level of allergy. In the different 


vith S6 per cent to the large concentration I mg. of 


to the small cor 


eentration of tuberceu 


Negro infants were most sensitive as judged by reactions to a small con 


groups 
centration of tubercu Chis was observed in 64 per cent of the Negro infant 

compared with 44 per cent for medical students and 39 per cent for student 
nurses when tested two to three months after one BCG vaccination 
With the passage of time, the tuberculin 


The greatest change 


reaction to both a small and larg 


concentration of tuberculin decreased sf if itv to both 
a small and large concentration of tuberculin occurred in medical students and 


Infants 


the least change occurred | 
hildren, the tuberculin reactions following BCG vaccina 


In infants and young 


tion were firm. indurated. and identical with those found in a natural tuberculou 
In student ! Cs und medical students more reactions of the ott 


Intection 
diffuse, superficial type or induration occurred 

With revaccination, less tuberculin ailergy resulted than with the initial 
wcmMation Negati e reactions to a small concentration of tuberculin 
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HEPATIC DEATH IN A YOUNG MAN WITH OCCULT PULMONARY 
ARTERIOSCLEROSIS AND RIGHT HEART FAILURE (AYERZA’S 
DISEASE) 


EDWARD R. CHRISTIAN 
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ngestion of the liver is such a common sequel of cardiac insufficien: 


inticipates culties arising from either its diagnosis or management 


n the absence of frank cardiac failure as its precursor the condition ts quite 
th respect to its onset and progression. Indeed, it may become an unsuspected 
matients who have been subjects of long and assiduous observation 

to report the case of a voung man who had obscure congestion 

ybscure right ventricular insufficiency secondary to pulmo 

(Lisenase Definitive diagnosis was not established prior to 


nepatic failure pre pitated bnef cyclopropane anesthesia 


Administration Ho 
tal in New Orleans o 19053. beeau ol « weezwzing md a sensation of 
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CASE REPORT 

Past hist Althoug! ent vell all his life, the patient recalled having had undue 
shortness of breath whe er he engaged in sports. Previous illnesses included ‘flu ! 
chrome bronchitis 

Between 1947 and 1952, he had recurrent episodes of pain and tenderness in the righ 
upper quad npanied | hepatosplenomega ind abnormal hepati 
function tests. He was is lagnosed as | ng anicteric viral hepatitis and ametu 
hepatitis and was treated according! 

In August, 1952, he developed vi sation auch on 
flight of teps For the f ti homega ind electre 
casions determined a vit pacit tim breathing capacit 
of 130 to 150 liters il¢ nter tor more inter 
stud there gain, the ! osplenomega Roent 
genogram of the chest, ve |, time. pulmonary function studies, and 
hepatic tunetio vere h the exceptior bromesultate retention ot 25 pe cent 
t tort five minutes 

4 nat | \ the stient inehe n height nd weighed IS6 
pressure LIS svat i tolic in me nercu enou pressure mm 
ate nereasing ver compre gue circulation time. 20 

From the Med ~ e, Veterans Administ m Hospit ind the Departmer 
Medicine, The Tu el f Joursiana Sel f Medicine, New Orlear Louis 
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nsuffhieren hye le g cause of the ness, particu with the 
equivocal pl finding response to digitalization, As 4 CON ttention was 
o diverted " t he enausative tactors rm the ness ind this nattentior 
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Fic. 3. Subeapsular biopsy section of liver. There is minimal fibrosis and congestion of 


sinusoids 


imination revealed no change in either the heart or lungs. A short time before death the 
patient complained of epigastric pain and vomited a few ec. of blood. He then developed 
great air hunger and became pulseless; blood pressure could not be obtained, but still there 


were no signs of fulminating heart failure. He remained alert but extremely apprehensive 


Supportive measures were fruitless, and the patient died after a brief period of excitation 


ind irrationality 


Lulopsy Findings 


General remarks: Marked jaundice was present, and there were several eechymoses con 
fined to the upper extremities. There was no peripheral edema, nor was there fluid in either 
the thoracic or peritoneal Cavity 

Liver: The liver weighed 1,600 gm. The surface showed fine granularity without definite 
nodularity ind its ippearance suggested chronic passive congestion Mi roscopie ally, the 
capsule showed occasional scarring; in scattered areas the parenchyma was separated into 
nodules by strands of fibrous tissue, thereby presenting the picture of ‘cardiac cirrhosis 
figure 4). In some areas the parenchyma appeared normal; in others the prominent lesion 
was centrilobular necrosis (figure 5); in still others there was extensive hemorrhagic necro 
sis. There was conspicuous paucity of inflammatory cells. A few bile thrombi were seen 

Spleen: The spleen weighed 680 gm. Marked congestion was present 

Gastrointestinal tract: The stomach and small intestine contained ipproximately 750 ee 
of blood i bleeding source was not found. There was no evidence of varices in either the 
esophagus or stomach, nor was there an ulcer 

Heart: The heart weighed 450 gm. Aside from prominent atherosclerotic changes in the 


coronary arteries, significant findings were limited to the right ventricle, which was great! 
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Fic. 6. Autopsy section of lung demonstrating sclerosis of a pulmonary artery with 
scent fibrosis 


dilated. The tricuspid valve measured 14.5 em. in circumference; the greatest thickness o 
the ventricular wall was 0.8 em. There was marked hypertrophy of the capillary muscles and 
the trabeculae carnac 

Lungs: The combined weight of both lungs and the trachea was 860 gm. All lobes were 
crepitant and free from gross abnormality; redness of the cut section and slight firmness sug 
gested minimal congestion of the lower lobes. Careful inspection of the pulmonary vessels 
was negative. Throughout the microscopic sections (figure 6) there was moderate-to-marked 
fibrosis, which tended to be foeal in distribution. In addition, there was a moderate degree 
of pulmonary atherosclerosis affecting primarily the small arteries. Vessels so involved 
were scattered haphazardly throughout the sections without definite relationship to the 
aforementioned fibrosis. The degree of atheromatous change varied from minimal to com 
plete luminal occlusion with attempts at recanalization. Microscopic emphysema was noted 
throughout; there were numerous histiocytes laden with hemosiderin 

The remainder of the post-mortem examination was negative and did not contribut« 
the essence of this re port 


COMMENT 


Classically, Averza’s disease is characterized by pulmonar) arteriolar sclerosis which 


results in right ventricular insufficiency; its victims have polycythemia, cyanosis, and 


pulmonary fibrosis. In common usage, however, the eponymic term is applied to any case 


of cardiac insufficien issociated with pulmonary arteriosclerosis (1). The present case 
fulfilled the diagnostic criteria with the exception of cyanosis, which probably would have 
developed had not untimely death abbreviated the natural course of the disease 


Cardiac cirrhosis’’ develops after cardiac insufficiency has resulted in long-standing 
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LOUD MILLWHEEL MURMUR PRESUMABLY CAUSED BY AIR EMBOLISM 
IN A PATIENT WITH PNEUMOPERITONEUM!' 
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Che purpose of this report is to present a case in which a loud millwheel murmur was 


iudible to the unaided ear during establishment of a pneumoperitoneum 


CASE REPORT 


M. ¢ i 38-vear-old white woman, was admitted to the sanatorium on August 11 952, 
with bilateral, far advanced pulmonary tuberculosis and beginning pregnancy. She gave a 
history of chest complaints of approximately eight months’ duration, during which time 
she was seen by local physicians, but no special treatment was given. Her condition became 
progressively worse. At the time of admission to the sanatorium, the roentgenogram of the 
chest showed scattered infiltration throughout both lung fields, with multiple small cavities 
in both upper lobes. Multiple-drug therapy was started and consisted of | gm. of strep 
tomycin every third da vith a daily dose of 9 gm. of para-aminosalicylic acid (PAS) and 
200 mg. of isoniazid 

On October 27, pneumoperitoneum was initiated, and a well-established pneumoper 
itoneum was maintained with weekly refills of 800 to 1,000 ec. of air. The patient's condition 
showed gradual improvement. In December, her sputum became negative for acid-fast 
bacilli and in January, 1953, a roentgenogram showed marked clearing of infiltration and 
ipparent closure of cavities in both lung fields 

rhe pregnancy was well tolerated by the patient; however, this was her sixth pregnancy 
ind her abdominal wall was flabby. An abdominal binder was ordered, but the patient neg 
lected to wear it because of discomfort. Her abdomen became extremely distended, and the 
pneumoperitoneum had to be discontinued at the beginning of the seventh month of preg 
nane (;vnecok camination and an ab lomin il film showed a twin pregnanc\ On April 
25, she had a normal delivery of healthy twin babies 

On May 4, the pneumoperitoneum was resumed. The patient’s abdominal wall was un 
usually flabby after the delivery. There was some difficulty in inserting the needle into the 
ibdominal cavity, but 500 cc. of air were given without any complication. As the patient 
complained of shght discomfort in her abdomen, no more air was given the first time 

The next refill was due after two days. Before the refill, the patient was fluoroscoped ind 
i slight amount of air was seen under both leaves of the di iphr igi Under local anesthesi i, 
in IS-gauge Th evel needle was inserted into the left upper quadrant of the ibdomen to 
the left of and wve the umbilicus, On manipul ition of the syringe, no free air space was 
found. Thi vas eXp 1 because the 500 cc. of air given two days previously was not 
enough to tor ont 1Ous alr space in the extended and flabby abdomen. No blood was 
obtainec om t lle aspirated by the syringe, and palpation by a stylet showed that 
the nee ne mnetrat the abdominal wall 

Approxim cc. of air were allowed to run from the Robinson pneumothoray 
ipparatus loud »bling-churning murmur was audible at the precordium which 


was svnchre rt actions. This bubbling-churning murmur was so loud that 


it was clear rd not on by the writer but by the two assisting nurses and by the 
patient herself 

The needle mmed ly withdrawn, and the patient was turned onto her left sice 

he loud millwheel murmur ceased at once when the patient was 


The patient did not comp! sin of any discomfort, nor did her pulse 
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show an\ abnormalities except slight acceleration Approximate! one to two minutes 
elapsed before the heart was auscultated by stethoscope but no murmur or any other ab 
normalities were heard at that time. The patient was kept in the left, head-down position 
for approximately fifteen minutes, then she was returned to her bed and was kept for a few 
hours in recumbent position. Later a roentgenogram was taken which showed approxi 
mately the same slight amount of air under both leaves of the diaphragm as did the fluoro 
scopic examination before the refill, but no other abnormality was found. The patient 


experienced no after-effects from the episode 


COMMENT 


Durant, Long, and Oppenheimer (1) found in experiments on dogs that, following 
the injection of 25 to 150 cc. of air into the femoral vein, a loud millwheel murmur was 
heard over the precordium which was audible without a stethoscope. “This murmur ap 
pears almost immediately after air has entered the venous circulation.”’ Heine (2) found 
ilso In experiments on dogs, that following an intravenous injection of 15 to 60 ec. of au 
a loud noise, splashing and gurgling in character, was heard which was audible for some 
distance in the room. In animal experiments, this loud ‘‘millwheel’’ murmur was never 
audible longer than approximately one minute. Heine has emphasized that the fleeting 
peculiarity of these noises is characteristic and has differential diagnostic value against 
similar noises, as In sero-pneumopericardium and interstitial emphysema. A loud mill 
wheel murmur lasting, for instance, for an hour cannot be caused by air embolism because 
it would interfere with the heart function 

Musgrove and MacQuigg 3 reported a case of air embolism during an attempt to 
establish a pneumoperitoneum in which a typical churning millwheel murmur was heard 
by stethoscope placed on the precordium of the patient. Approximately two minutes afte: 
the patient was turned onto the left side, the millwheel murmur could no longer be heard 
Hamby and Terry (4) described a severe case of air embolism successfully treated by 


turning the patient to the left 


lateral position. A rapid, gurgling millwheel murmur was 
heard by stethose ope While one of the assistants listened to the heart murmur, the patient 
was turned onto his left side, and normal heart tones were reported immediately 

The loud millwheel murmur of the case reported in this paper was thought to be the 
first symptoms of a venous air embolism. The unexpected complication was recognized at 
once, and the patient was turned immediately onto the left side in head-down position 
This presumably prevented the development of other symptoms and serious consequences 
of air embolism 

In venous air embolism, air enters one of the systemic veins and is carried to the right 
heart and pulmonary circulation. The presence of air in the right ventricle produces a 
loud churning sound, sometimes readily heard by the unaided ear at some distance from 
the chest. This murmur is known as “millwheel murmur.” Experimentally, Durant and 
co-workers have shown that, in the right heart, accumulated air produces an acute 
mechanical obstruction to the outflow tract of the right ventricle. This can be relieved by 
turning the patient onto his left side. In this position, the outflow tract lies inferior to the 
body of the right ventricle and the air trap disappears. Then the air presumably is churned 
into froth, which is mixed with the blood and transported to the lung, where excretion will 
occur. In the event of cong | opening between the two sides of the heart, air can cross 
into the left chamber d then proceed to the peripheral circulation and cause the symp 
toms Ol arterial air embo 

Air embolism is a relatively rare complication of pneumoperitoneum, but most probably 


ts occurrence is! requent than the occasional! reports in the literature would seem to 


ndicats Dasher. imck W and sower 5 found onl published eases in the 
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terature until 1053 } ; ea iew of 127 cases: 100 published 20 unpublished and 


i their own case mphasized that nonfatal air embolism may be asymptomatic 
or manifested b mptor nterpreted as mechanical, neurotic, reflex, and so forth; ever 
fatal air embo ith does not oecur on the table, may be ascribed to heart failure 
moxia, or other ¢ At the Julius Marks Sanatorium, among 227 patients receiving 
pneumoperitoneul ho had a total of 10,084 refills, this is the first instance of detectable 
ur embolism occurring in connection with pneumoperitoneum 
In Bean 6) ree ent monograph Precordial Noises Heard at a Distance fron 
the commo use of such noises was cardiac murmu! produced by ilve 
rupture or othe or nex n order of trequency came interstitial mediastina ul 
pulmonary empl were followed by spontaneous and traumatic pneumo 
thorax and pneumoy ca ind the last of these conditions was air embolism. There 
ire onlv 6 case rf ! i iew of 164 cases collected from the literature 
No such noise i connection with pneumoperitoneum are mentioned in his review. Dashe 


heel murmurs mentioned in the literature of air em 


im co-worker! 
holism connected p ioperitoneum. Both were heard by stethoscope only. Loud 


millwheel murt | » the unaided ear was not found recorded in the literature 


SUMMARY 


\ ~ ot loud 1 | murmur audible to the unaided ear while est iblishing i 
pneumoperitoneum reported, On turning the patient immediately to the left lateral in 


head-cdlown position, the loud millwheel murmur ceased at once. Although no other 


toms of au wl i were present, the phenomenon was thought to be due to a venous 


iir embolism ) wt of loud millwheel murmur in connection with pneumoperitoneum 


vas found 


SUMARIO 


en la Embolia Gaseosa, Observado en 


p foneo 


Viientras se estable« neumoperitoneo, observése un soplo de rueda de molino, tan 
fuerte que podia ¢ im! 1erzo auditivo. Al voltear al enfermo en el acto a la posicién 
lateral izquierda ec ila cabez ) i, el soplo cesé en seguicda Aunque no existian otros sin 
tomas de embo Paseo fenomeno parecia deberse i embolia gaseosa venosa ken 
literatura no omur ido antes ningdn caso de soplo fuerte de rueda cde 


relacion con ¢ 


er i ae op ca de pre 


n bruit ulin accentué, audible directement sans apparel, a été observe 


su cours de | ti l'un pneumopéritomne Lorsque le patient a été placé en position 
latérale tet ruit de rove de moulin accentué a cess¢ immeédiatement Malgre 
l‘absence de tor it ptéme d’embolie d’air. phéenomeéene a été attrib lem 
bolie gaseuse veineu yruit de roue de moulin accentué, en rapport avec | imoper 


tome. ¢ sign pout i premiére fois dans la littérature médicale 
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Editorial 


Tuberculosis as a Cause of Female Sterility 


In the past decade, female genital tuberculosis has been recognized with in 
creasing frequency as a cause of infertility. The accidental discovery of patients 
with “‘latent’’ o1 unsuspected”’ endometrial tuberculosis who are in apparently 
good health has posed a number of questions There must be additional patients 
with female genital tuberculosis who remain undiagnosed because they do not 
seek help because of infertility. When does genital tuberculosis occur in relation 
to the primary infection? How should these patients be treated? What are the 
chances of pregnancy ensuing after the diagnosis of genital tuberculosis is made? 

Che incidental finding of endometrial tuberculosis in sterility clinics is ap 
proximately 5 per cent This figure is based on routine endometrial biopsy . done 
not for the purpose of diagnosing tuberculosis but rather to determine whether 
ovulation occurs, and vepresents the average reported by a number of writers 
Sharman states that 5 per cent is an absolutely minimal figure. It has been 
shown that, even in known cases of endometrial tuberculosis, an examination of 
a single block of tissue gave a negative finding in one-third of the cases. Moreover, 
a thorough curettage done in the week before the onset of the menses and re 
peated on several occasions has given a positive result when earlier results were 
negative. Hence, it would seem that more thorough investigation would yield a 
higher incidence of genital tuberculosis than that obtained by endometrial 
biopsy 

It is generally agreed that endometrial tuberculosis is always secondary to 
tuberculosis of the fallopian tube, although the endometrium may escape 
involvement when the tubes are infected in approximately 50 per cent of the 
cases. Thus, the cause of the sterility may frequently be not the endometrial 
lesion per se but the dysfunction of the tube due to the tuberculous process. The 
incidence of infertility due to pelvic tuberculosis, therefore, is probably at least 
twice as much as that determined by study of endometrial biopsy material 
alone 

In some instances, bacteriologic methods have been useful in the diagnosis of 
female genital tuberculosis when tissue microscopic examination has been non 
contributory. Thorough curettage has yielded fragments of endometrium from 
which cultures of M yobacterium tuberculosis have been obtained on Petragnani 
or Dubos media when histologic studies of the biopsy material were negative 
Culture and guinea pig inoculation of menstrual blood and cervico-uterine se 
cretions have given positive results, on occasion, in the absence of other e\ idence 


of endometrial tuberculosis.2 This method is not recommended as the sole means 


Scnaerer, G.: Obst. & Gynec. Surv., 1953, 8, 461. 
* Hacerecut, I.: J.A.M.A., 1950, 142, 331 
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of diagnosis, however, for a very small percentage of positive results are obtained 
by its use 
When does genital tuberculosis occur in relation to the initial infection which 


usually starts in the lung? Hematogenous seedings in the fallopian tubes may 


take place when any tuberculous process in the body drains into the blood 


stream.’ This is probably most common in the early weeks of the active stage of 
the primary complex when tubercle bacilli from caseous lymph nodes drain into 
the blood stream. The large majority of the patients in whom genital tuber 
culosis is discovered do not have active pulmonary tuberculosis, however, and, 
conversely, patients with active pulmonary tuberculosis show a small per 
centage ol involvement of the genital organs. Thus, while the tuberculous in 
fection may gain a foothold in the pelvis early in the course of the disease, it is 
not frequently discovered at this stage. It is interesting to note that pulmonary 
tuberculosis, even in its far advanced stage, is not a cause of infertility. As a 
rule, genital tuberculosis is discovered many years after the initial pulmonary 
lesion has been arrested 

Endometrial tuberculosis differs from tuberculosis elsewhere in the body in 
several respects Because of the periodic shedding of the endometrium, the 
formation of a mature tubercle does not always oecur. The advanced stages ol 
tuberculosis as seen in other organs, such as caseation, fibrosis, and calcification, 
are seldom seen. The stroma of the endometrium has been described as part of the 
reticulo-endothelial system, which is highly resistant to infection, and this has 
been given as a reason for the benignity of endometrial tuberculosis 

The question has been raised whether a fresh crop of tubercles are produced in 
each endometrial cycle and are shed at each menstruation or whether they re 
main in the basal layer. As the tubercles are found in the superficial layers of the 
endometrium, and as they give a histologic appearance of being a few weeks old, 
with central caseation appearing usually at the end of the cycle, it is generally 
believed that reinfection of the endometrium usually occurs from the tubes 

The present writer has found it helpful to classify female genital tuberculosis 
into advanced and minimal. Advanced disease is that in which adnexal masses are 
palpable on pelvic examination in addition to the presence of endometrial 
tuberculosis. Minimal (or latent, or unsuspected) tuberculosis is tuberculosis 
discovered in the endometrium by bacteriologic or microscopic methods. It 
is symptomless and, as a rule, is discovered by routine examination, usually 
for infertility. While there is undoubtedly an in-between stage, between the 
advanced and minimal type of pelvic tuberculosis, this is not apparent on 
clinical examination 

Chis distinction between advanced and minimal disease has been made because 
of the present differences in treatment for each condition 

For the patient with advanced pelvic tuberculosis, it has been the writer’s 
practice to give a course ol antituberculous drugs for a three-month period, At 
the end of this time, a total hysterectomy and bilateral salpingo-oophorectomy 
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chemother ipy continued postoperati 


inemal tuberculosis atent 
Irrapoie Because these patients are young 
the tendency has been to treat them conse! 
Neverthe I pregnancy has rarely ensued in a patient following 
endomett ! ilter intimicrobia therapy The customary 
treatment | \ misted of a course of antituberculous therapy lol 
three to four me ) ‘ repeated curettage and bacteriologic studies 
Report i recurrence ofl endomet! i tuberculosis more that 
per ) i with treptomye PAS even those vith 
relapses have been reported with the use 
! with soniaz d have not vet been tollowed 
ttn permanency ol the cures 
on ol chemotherapy for three to four months is too 
hort a to obt maximum effect in pelvie tuberculosis. Judging from 
the mor oral iit obtained in the treatment of minimal pulmonary 
tuberculo , tuberculous drugs were continued uninterruptedly for 
vhen they vere used tor shorter periods it seems 
periods of treatment for minimal pelvic tuberculosis 
ufficrent r of patients treated by this method have not been followed 
ong enough ' the re 
\t the pre the is not too hopeful that satisfactory results, 
tuberculosis, can be obtained by chemotherapy alon 
imal endometrial lesions are actually of recent orgin and may 
therefore expected to react more favorably to the antituberculous drugs, the 
concomitant lesior the tubes are undoubtedly older and more advanced and 
probably cor 1 necrotic or caseous components not amenable to drug therapy 
in cases hich healing of the endometrium and tubes did occur following anti 
tuberculou therapy the tubes when examined on removal, were so disorganized 
ws to render them ftunctioniess 
If the dec ol made to treat the patient with minima pelvic tuberculosis 
with prolonged chemotherapy, she must be kept under constant observation for 
several yeal ition of tuberculosis in the pelvis or elsewhere in the 
bodv has been known to occur within two vears after cessation of treatment o 


the pel Tons \ uch cases are not too Trequent in any one gynecologist s 


practice, | I uivisable to set up a registry where the results of this o1 


other forms of treatment could be reviewed so that a large number of cases could 
be evaluated. One could then determine whether a sufficient number of patients 
have successtu ntra-uterine pregnancies following chemotherapy of pelvi 
tuberculosis to make this regimen worthwhile 
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TUBERCULOSIS MORTALITY IN PUERTO RICO SINCE 1950 


the 
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to 1454 


| Pd te eviewed the tuberculo blet n Puerto R ip to an 
the G50 (A Tuber 1953, ¢ 132 The remarkable drop in tube 
wtait observed during the pre eventeet! en the 
ses su ement. whiel irred in the face of great ‘ 
! ert " vit it the use BCG va ne. were analyzed. It wou he mteresting 
those wl it t earn what | happened to the tube ilo talit 
nti ina nee 
The ce e of the tubs " ortalit n Puerto Rico since 193 } figure 
It he seen fro t ‘ that the ite of deere e became elerat n 14S 1049 
i that it w PSI etween 1952 and 1953. While the tube | talit 
opr ‘ ent tiv tee! ears wi ipsedl betwee! 454 4 Ws (1 
(02.7 to 179.4 nnn ilation t has decreased 74 px ent in the unte five 
iron 79.4 to 47.1 
\ tre nteresting ye to be found m the proportion of ent 
elation to the tot nu ‘ eaths. In the vea from 1030 to 1450 il oport 
fluctuated betweer ent. In 1951 it began to «ae ne al O53. oF 
( ent of all the deat | irred on the ind were due to tulx ilo tulle 
} ng tuln exalted 4 " lentl 
the svi nea a i enterit to the hilt! wen ‘ the 
eat nm the ind. | t first time in the histo f Puerto Rico, disease f the heart 
hecame the first cause ent th diarrhea and enterit n the second ‘ nd canes 
the t 1. Fourth 1 taken by the pneumonia The degenerative disease 
ng nant role ! ir mortant tatiat table 2 
onal figure the f t semester of the O54 sho tub lent 
t mil t during the esponding semeste O53. 
‘ nel thy ‘ ‘ mtinuing it fast trace 
\\ t thy sé t ecedented decline m tubercu t t It true 
nilition ed consideral Puerto Rico since 1940. Housing 
ie e highe the et mecome per nl ! S122 en 
Ol) to O52 (S20), ree sil t ent j eve the 
far tive the ih bel ere 
tor hve 
Ir the t that the descent of the tulx t 
the to three fact the tens efficient 
gainst the tart Os4 ed vie t 
‘ the The te elreve that emotherap een the «ce ( t 
thr ‘ k albyle ‘ ‘ thi ort } } 4 ‘ bout ‘ ‘ 
‘ e 1952. I MX the Health Department began to distribute strept ! | 
PAS free harge th active tubercul lingnose th 
ealt inits. excepting t ‘ | vere doing ‘ t} e the PAS 
time the the ensarie As the great ty of the 
bhulat tuly t the ind go to the ealt init treatment 
thes« ig ise tion with the ere bole the 


ulosis (all forms) in Puerto Rico for the period 1931 1953 
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Fia. 1. Mortality 
All Cause Tuberculosis Per Cent of A 
Ve Deaths Attributed 
: Rate Deaths Rates to Tuberculo 
1946 27 570 13.2 1,317 207 .3 15.7 
25,41 12.0 1,160 106.5 16.4 
26,204 12.2 }, S58 179.4 14.7 
10.7 205 146.7 13.7 
O17 9.9 2,861 128.9 13.1 
1051 22 371 10.0 2 654 118.9 11.9 
20, SA 9.2 2,092 93.4 10.2 
195 75 8.1 1,046 ‘7.1 
improvement lef te inactivation of the disease in a very considerable proportion of 
cases 
Since Octobe nina 
persons diagnosed in the pub I ents consist 
ol 4 mg. ol niazid «in per kg n b ntra 
muscular injection ¢ ‘ eeh sand cases 
of active tulx ere thus ti the gover 
ment irl ta more vere treated wit! miilar egimens in the 
Veterat Administration tract hospitals and by 1 ite phvs ins throughout the 
It helieved that tl é extensi.e use of chemotherapy has been the de e factor 
in the rap ecline of the tub tlosis mortality since 1948 and that it probably lead 
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Tue SEVEN or Deatu 


Rate per 
100.000 


Population 


Diarrhea and enteritis ; 286.1 Diseases of the heart 
Puberculosis 57 Diarrhea and enteritis 
Pneumonias 5 122.0 Cancel 

Diseases of the 042 103.2 Pneumonias 

Nephritis 599 80.8 Tuberculosis 

Malaria , 166 58.9 Accidents 


Cancer 005 Nephritis 


to further gains in coming irs. Isoniazid, a cheap and effective drug 


distribute and easy to take, has been a tremendous help 


Although BCG vaccination has been given to some 57,000 children as part of a research 
project since October, 1949, it is believed that this measure has had little or no effect on 
tuberculosis mortalit his is not only because the number vaccinated has been too 
all in proportion to the ral population, but also because those cinated were 
mainly children of elementar hool age, among whom tuberculosis 
unimportant cause of deati 
The general mortalit I sland has decreased from 9.9 deaths per (HH) pp 
n 1950. toa rate of 8.1 1953, a decrease of 18 per cent in three ! The drop n 
tuberculosis mortality has been much more dramatic: from a rate of | r 100.000 
population to 47.1, a des ise of 64 per cent in the same short period of time 
It is interesting to compare the Puerto Rican experience with that of other 
United States which have likewise experienced an unprecedented 
losis mortality ge the last few vears. In Baltimore i 
Health New ! 1954), the most prominent features 
nal decline sl per cent in 
king drop of 45 per cent in the ci 
Chis rema je improvement 
ind other related drugs.” In Puerto | 
ropped 49.5 per it as compared witl 


icceleration de n tuber 
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2,405 10S 
2,326 104.8 
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1,056 17.6 
1.046 7.1 
Js 0 
17 
has been noted during the t few vears. Similar obese itions have bee ule in some 
k-uropean countries. It se« ve e now witnessing the final battle against the “White 
Plagus 
CLINI ANTILI J. Ropricuez Pasro 
or Puerto Rico 
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uublished in the Review recorded results 
cooperative | interpreted to suggest tl hig! 10 mg. pel 
dosage ol i significant therapeutic superiority i lowel meg. per 
per «ca do of is agent in pulmonary tuberculosis. There are some grounds for 
beheving lifferences between such regimens ma ertheless, manifest 
thems on i ow-up of such cases and on definition 


relapses”’ whicl ncountered 


In Ap eported? that tubercle bacilli resistant to 10 y of isoniazid pe 


highly attenuated in pathogenicity for the guinea pig, whereas 
tubercle ‘ dl fror soniazid-treated patients and resistant to | y, but suscepti 
ble to 104 mi. manifested much less attenuation under the same ¢ xperi 
mental cone ol « of these observations, and with the belief that higher dosage 
levels of , zi ht be effective in preventing the former type of strains from mult 

ing ou ) ised the daily dosage of isoniazid from 4 to S or more mg. per kg 
for the treat lous patients 

Subsequet 0 1) d elsewhere n detail. have a) that at 
tenuation of ! a tant mutants tor guinea pigs is related to the defi em of sucl 
mutant ! mel j . etivit ind (b) that nh prac tice, the higher dosage 


ad ‘ es only to prevent the inse-positive, 


nutants.’ It does not eliminate them from patients’ sputum 


ippearance 
ince April, 1953, that the attenuation of isoniazid-resistant 
mutants of for guinea pigs and rabbits——notwithstanding their behavior 
1 mice significance. Therefore, since that time, in the rare instances 
ipparent ip mong tuberculous patients under treatment with twontazid alone 
spital, we have purposel made no changes in therapeutic 

some Sin all, to this date) to conscientious scrutin 

macteriologic——in order to detect the first clear-cut evidence 
tion. only to add other antimicrolnal agents should suc! 
ippearance Failure of this to ‘ inany of our patients 
than suggestive that ‘lapses”’ reporte an 


behaved ina I rl \ manner tad the 
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ittenuatior 
negative strains 


tion in patients excreting suc! 


itment t! soniazid Howeve 


tilable for study has been insufficier 
oncerning this possibility. Indeed, it seer 
ittenuation of tubercle bacill may 
n great mayjorit of tuberculou 


number of such cases must be observed 


can be reached with regard to possible 


sitive anal « \ 


Our 
resistance S01 ire not widely shared'* Sufhice it to 


hat one of the first reports™ on the clinical use of isoniazid empha i tl failure 


vliarv tuberculosis te ps nd, in particular, the failure of meni 

liary disease in al patient ontinued on therapy with this agent alone. The same 
yroup of investigators ha nt] described experiences quite similar to our own in the 
long-term treatment of pulmonarv tuberculosis with isoniazid. Moreover, their early ob 
servations in miltary al meningeal : been generally confirmed." When ou 
clinical experiences! are grated with these observations, the conclusion is compel 
ling that the pathogenic: of oniazid-resistant mutants of tubercle bacilli ma in 
deed. b ittenuated n important respects for the great mayjorit 
patient Las lor ) 4 pigs 

Final then. wi regard ie comparative clinical evaluation o 
dosage of isoniazid yur opinion that significant differences 


tween persistent I m-positive’’ cases initiated on treatment 


iaintained on higher doses of isoniazid 
ethods emploved and the results reported 
ind other large-scale cooper groups, It 
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M iss, and Pe nia; and participated on the programs of two of these 
meetings. BE: at the eetings of the Southern Tuberculosis Conference 
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respect 
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differential d no During the meeting individual and 
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clise ‘ ral practitione The following NTA 
lt TB? TB and Healt 

Three rT Letter were distributed to the ATS 
er Frequent news ite! 
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pulmonar 
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constituent and lo 

rs of state Trudeau societies, a list of ATS ad 

sent to ATS members 
NTA staff 
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bership of ATS committees were 


isociations, and to division 
the twenty-nine state and 
tiled to the secretanes of these gror 
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vear in Atlantic Cit Ne 
ATS committee meet 
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| eau et Ne Orleans the Kastern Trudeau Societ n Portland. M the 
P f Northwest ‘ Societ n Seattle, Washington. and the first annual meeting 
f the Wests | ‘ (‘onference in Salt Lake Cit Utah. Representative 
state the List imbia, British Columbia, and Alaska were present these 
egional meetings. He planned a cont t. Long and 
Dr. Floyd M. Fe th the se inty Tube 
le \ t t i oO} int 
Conference ere t} ed | iss the 
rynanizat | tute | le ] Maine 
Oregon, Tennessee, Utal und Virgir ibmitted pet 
tions fe tate sectic the ATS. He also met with representatives f state tubs ilo 
ition Trudeau socrets EE lowa, Mass setts, Ne 
raska, Ne Mi th ¢ se future 
of Arizona. | \I mhusett South Caroli inke These 
ometies med ect f the state tubemmimmis associations. The Trudeau s« eties in 
Arizona and M husetts held their first dillings as a part of the annual meet 
ne ot the ect e tuts Wo the Nort estern Sout! 
ngton, and Roanoke, Virginia, 
He is present tiie th 1 ! in A en ol 
vy ATS exhibit on 
late irses on 
i ets ver 
members and to 
nave ippeared 
n the bimontl NTA New Lette! 
oclatior \ clirect the 
ecretari onstituent tube ilo 
il ort the t tie ol Trudeau 
ocieties v ‘ ‘ ym e contact 
vu maint nei wit ATS Advisor 
eeting mned a \ Jerse You 
execut etu een present ngs throughout 
the year as we the meetings of the | 
Conterenes t epresentative thi held to discuss 
indergraduate educat ind post(s diseases: Duke U1 
ersity, the University of North Caroli i North Carolina; Th 
l niversit of Uta n Salt Lake Cit ( the Ur ersit of Ne 
College, and Boston | ersity in EES jc) School of South Carolina i 
(‘harlestor he Unive tv of Arkansas in Little Rock: and the University of Louts el 
Frank W Wer El 
bone it m™ etal 


Report on Sections of the American Trudeau Society 


ions of the American I 
Arizona, California, Colorado, Connecticut, Fl 
Kansas. Louisiana, Massachusetts, Michigan, Minnesota 
New Mexico. New York. North Care i Ohio. Okla 
Virginia, West Virginia, Wisconsin, kastern 
Maine and Kentuck present 
meeting of the A Virginia 


Texas 
vest, and Southern 
1954 annua 
Arkansas ind Miss 


obably effect such an « 


rtv-three state and region 
held during the past firs« 
(ine course in pulmonatr function 


ourses in pulmonar 


chest spe i ts Four 


t onterences and three 


vere sponsored tl 


Minnesota, Missour 


Is Ind 


ind 
atate 


West rgini sponsored 
etitioner 


held lor the yenerul 


Indiana Missouri Nebraska itn 
function, and Minne 


ociation 
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There e twentv-nine state 

Phe e as follows: Ala 
Georgia, Illinois, Indiat 
Missou Nebrash Ne Jerse 
homa, Pen: inia, South are 
Mississippi Valle Pacif Nort 
petitior fol ecognitiol 

I wientl et \ ssippl have pian 
inderway for Trudeau et ind the Vill anization tl 
veal 

A reports the tl nel ites that 
sectior ind nine regiona ection ind ome n 
for the gen \etitioner were offered. Six state tri-state 
hest nferences were lhe Che tri-state chest conferences 
ng state Trudeau societi Michigan, \ ort 
Carolina, Virginia, West Virgu 
contere Phe fou inst uu were 
ponsorecd the Trudeau eties of 1 Ohio. M 
SVmposiul hest eases. State tuberculosis ass@Es these state outributed 
ol tie t ‘ ‘ the promotion of these ourse onrerence 

The reports from these sections show a variet f activities in addition to the holding 
of scientific meetings. The Alabama Society stressed a legislative program to secure add 
thonal ho t eis the tule OUS ind it thas turnished tech i n hospita 
onstructior 

Che Arizona Trudeau Societ eld its annual meeting joint vith the state tuberculo 
tion | the f tt ‘ It plans an inter tate-wide educational unpaign to 
“ inde the state le ture to enact laws necessary for the control of tubercul ! 
Arizor 

( fort ‘ ‘ exse in membership. Its members! mittee | ‘ 
277 lette to pl il the state who are not members of the Soret i ting the 
t n. Another lett ed to members asking them to suggest name f phvsicia 

the ure ‘ ght ye I esulted in 97 new members, bringing the present me 
by » to 334, the largest tate Trudeau societ n the countt It distributed a 
me ( t ts member The ed il eclucatiol ommittee set up a 
med i pure equathed speakers to med and thie group Thee 
mes ol 54 are on tl t. ‘I ets of 2 by 2 slides have been developed, one on P1 

nd Reintfectr Pubs | one on Mort ty and Mortality Trends for use by tl 
Denke It ‘ t vard contest | the hest ibmitted o hest 
liseases 

Phe Col lo Trude Society held it consecutive nference in / 
Part | ere ere 66 attendance 

The Connect it Societ eld ise onfere ‘ ting } fro the tate 
nat Rhode | t t pate 
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n close cooperation with the Florida Chapter of the Ameri 
e. It offered speakers for state and regional meetings of 
vrite brief news items on tuberculosis problems in the state 
ippointed a special committee to make recommendations on routine 
X-ray programs in general hospitals in the state 
Indiana conducted three regional postgraduate symposiums on thoracic diseases for 
the general practitioner, with an attendance of 147. It appointed a medical education 
ommittee to promote the teaching of tuberculosis and other pulmonary diseases at the 
Indiana Medic 
lowa planned epidem rical studies of tuberculosis infection and held conferences on 
problems of tuberculosis in institutions under the State Board of Control = 
Kansas furnished a grant from the state tuberculosis association of $10,000 to the 
Kansas Medical School to establish a chair in thoracic diseases. This grant will continue 
red a meeting to provide professional information to medical and 


the Kansas Tuberculosis and Health Association, with an at 


Louisiana estab! da section in chest diseases in the Louisiana State Medical Society 
Maus husetts cosponsot course in pulmonary function with an attendance of 112 
It also held a state case conference. The Boston Tuberculosis and Health 
the Middlesex Health Association furnished a grant of $2,000 each for a 
n pulmonar I : it the Harvard Medical School 
The Michigan So rave its second Bruce H. Douglas Award. This award 
iunnually to an individual who has made an outstanding contribution in the field of treat 
ment or control of tuberculosis 
Minnesota sponsored a symposium on chest diseases at the University of Minnesota 
Its consultation com: eviewed cases at two sanatoriums and furnished advice on 
the handling of these Its legislative committee promoted legislation on diagnosis, 
t, rehab on and control of tuberculosis in the state 
Missouri promo | two conferences on chest diseases for the genera! practitioner in 
ooperation witl Missouri Academy of General Practice. It also offered speakers on 
pulmonary ¢ ‘ vwiemy for their state and regional meetings 


Nebraska 1 cooperation w the | versity of Nebraska College of Medicine co 


ponsored u ad post! te assembly which included lectures on tuberculosis and 


other pulmo i ~e% course Was ipproved by the Nebraska Chapter of the 


American Acad of ! | Practice for sixteen hours of credit 

New Jers d ' cooperation with the Veterans Administration Hospital 

Lyons, New. » discuss the subject ‘““Tuberculosis Among Mental Patients 

New Mexice tigi s president, wrote a senes of articles on tuberculosis problems 
n the state . il vere reproduced and sent to ill physicians n New Mexico b 
the state tuberculo issociation. The president of the Society also sent a letter to the 
governor ol ts requesting further inquiry and consideration o proposed 
merger of tl departments | 1 public healt} recommended 
that opimior 

ition 
New ork committee 
to further consi 


il schools. The 


L108 
nonmedical members of 
tendance of wi) 
indergraduate « t 
t! 
State Char 
irities Aid \ 
| ssociation of 
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New York, the tuberculos wiations of New York City and 
three grants of $1,000 each for ching-resident fe llowships 
North Carolina through its state tuberculosis association 
teaching-resident fellowshy 
Ohio held one postgraduate course in pulmonary diseases [or the 
h an attendance of 125. It also conducted a therapy conference 
specialist, with 62 in attendance. It gave a grant through the Ohio Tuberculosis 


Health Association of $1,000 ior a teaching resident fellowship 
Pennsylvania distributed to its members monthly a publication of abstracted 
irticles appearing in THe American Review or TupercuLiosis. Abstracts of 


presented at its last annual mecting were printed and mailed to all of it 


to hospitals, libraries, and other interested groups. Its membership has inc: 


244 to 265, which gives it the second largest in the countr 

The Wisconsin Trudeau Society, in conjunction with the Wisconsin Anti-Tuber 
Association, was responsib i program on diseases of the chest and heart 
iunnual meeting of the Wisconsin Medical Society. The WATA continued 
$4,000 to Marquette Med School for the teaching of pulmonary diseases 

The attendance t the to regional Trudeau meetings held last fall 
siderable in , , ombined attendance was 749. Plans are underwa 
these sections to request c! for attendance at these scientific meetings for 
of the American Acade1 | neral Practice. The Southern 
1 formal constitution which 1 s it the medical section of the 


(Conterence 


it 
one 
ann 
majo 
nt «of 
) 
rribye 
pted 
opted 
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1 competilwe ¢ lion for appointment of Me il Officers to the Regular Cor 


f the United State il Health Service will be held » rine Dlaces throughout the 


“Benefits inhale pera pay increases, days of PE THIS VOLUME 
\ctive duty as a Public Health Service offeer fulfils) THIS POSITIO 

wm recognize! school of medicine For the ra BEGINNING 


Public Health Se e, Department of Health, kducat 


ist rt 


vi ri CONFERENCE 

Rest t take ensure ting all resident ins to the 
Nath C‘ongre Tube ulosis and Silicosis whicl held in the of Mexice 

the t ‘ Balderas #32-312. Ap. Postal #7267, Mexico, D. I 
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Hk AMERICAN REVIEW Ol UBERCULOSIS 


Viable tubercle bacilli in dried sputum 
are killed in two minutes by a 1% 


solution of A mphyl.! 


The anti-tubercle bacillus potential 
persists for a week or more on floor 
surfaces disinfected with a 42% 
solution of Amphyl—thus destroying 


fresh contaminants on contact. 


Tyl DISINFECTANT 


| INDEX for tuberculosis hygiene 
HAS BEEN REMOVED 


Amphy! is widely applicable for varied disinfection 


ION AND PLACED AT 


needs. It is bactericidal and fungicidal as well as 


OF TH E F I LM F OR srculocidal. Bedside surfaces, floors, walls, dishes and 


ised by patients or in the laboratory, bathrooms, 

E OF R EADERS ‘ hands, thermometers, instruments, rubber or plastic 
ill can be efficiently and economically decontaminated 

with Amphyl. No unpleasant odor. Non-corrosive 

Non-irritating. Highly concentrated requiring 


minimum storage pact 


AMPHY AVA 
THROUGH YOUR 
For samples and complete brochure JRGICAL 
with how-te-use chart, please PPLY DEALER f 


write to: 


Lehn & Fink 


4m, 
PRODUCTS CORPORATION DIVISION 


Park A New Y k 2 N.Y 


NOTES 


ON ; LN SILICOSI 


XAMINATIONS FOR MEDICAL OFFICERS, 


pomtment of Other 


Service will be 


ce! ligation of Selective 
citizenship, st 21 ears, and 


re For the rank of sistant Surgeor 


onal traming ind t} ‘ ire nee died 


The Sock [i e Esturios sobre Tubercu : Enfermedades del Aparto 
Res} t Oo take ‘ ire | nviting all resident and foreign phvsicians to the Suixtl 
Nation Congre luberculosis and Silicosis whicl be held in the City of Mexice 
Janu 23-29, 1955 
| futher infe t Lee Balderas #32-312. Ap. Postal #7267, Mexico, D. I 
NOUNCEMENT OF Kk CORPS I 
1 competilwe ion lor to the Regular Corps 
i the | te States Pu Health EEE: held i irious places throughout the 
on Fel a 
Lppointment ‘ ortunitie for ireer se! il meciicine researcl 
nd pul health. ‘The be made in the ranks of Assistant and Senior Assistant 
equ ent to N rik f Lieutenant y ind Lieutenant, respectively \ 
Entrance pa \ tant Surgeon with dependent is $6,017 per innum: for Senior 
\ tant Surwe t ependents, $6,918. Provisior ‘ ide for promotions at regula 
nterva 
Hene tut wile ‘ i ncrenus¢ 1) davs of annual leave lenve medica 
t etire ent i etirement pa | three-lourths of annua Dash 
itt r etire ent, and other privilege 
ictive dul Pu Health Service Sel ‘ 
tion fror ecognized Ol ned least 7 
for Ser \ tant Surgeo it least 10 vears of collewiate and professional trau gana 
Y te experience are needed 
1) f f e obtained | writing to the Chief, Division of Personne 
Pul Health Se e, Dy tment of Health, Education, and Welfare, Washington 25 
ID. C. Cor eted iti forms must be received in the Division of Personnel no 
she thay Jar 
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IN REVIEW OF TUBERCULOSIS 


Viable tubercle bacilli in dried sputum 
are killed in two minutes by a 1% 


solution of A mphyl. 


The anti-tubercle bacillus potential 
persists for a week or more on floor 
surfaces disinfected with a *%% 


solution of Amphyl—thus destroying 


fresh contaminants on contact." 


for tuberculosis hygiene 


Amphyl is widely applicable for varied disinf 
needs. It is bactericidal and fungicidal as 
tuberculocidal. Bedside surfaces, floors, walls, dishes and 
ised by patients or in the laboratory, bathroom 
hands, thermometers, instruments, rubber or plastic 
all can be efficiently and economically decontaminated 
with Amphyl. No unpleasant odor. Non-corrosive 
Non-irritating. Highly concentrated re« 


minimum storage 


For samples and complete brochure 
with bow-to-use chart, please 
write to: 


Hil / 
good 
THR YOUR 
f h 
| 
St PRODUCTS CORPORATION 
Park A New Y , N.Y 


REVIEW OF TUBERCULOSIS 


EMERSON 
RESPIRATION 
ASSISTOR 


I. P. P. B. 


1. Mixes air with oxygen. 


2. Flows rapidly and 
exhales freely. 


3. Can be cleaned easily. 


Write for full information. 


J. H. EMERSON CO. 
Cambridge 40, Massachusetts 


VAP I Now Available in Spanish 


Tuberculosis 
in Childhood Clasificacion y 
and Adolescence Diagnostico Standard 
‘ ‘ i (DIAGNOSTIC STANDARDS) 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
iy than 100,000 physicians, this accepted authority 
B. BENJAMIN, BSc, FIA [ on terminology, standard tests and classification 
‘ ‘ in tuberculosis has now been translated into 
Clothbound S> Spanish by Professor H.Orrego Puelma of the Uni 
} pages, including many tables and charts, and versity of Chile Faculty of Medicine 
pages of radiographs Doctors Raul k Vaccarez i, Ign icio B aldo and 
Armando Alonso, and is available to interested 
physicians in the form of a 64-page publication 
lo cover handling costs, a price of 50 cents 
American funds or the equivalent) has beer 
established. Your order is cordially invited and 
will have immediate attention 
Please address orders to 


, assisted by 


DR. H. ORREGO PUELMA 


National Associatio to th 
Prevention of Tuberculosis 
Vavisteck House North Tavistock Square 58 Vicuna Mackenna, Santiago, Chile. 
London, W.C.1. England 
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THE AMERICAN REVIEW Ol 


ry 
S Li D E Ss viewes 


Collection series of fifty 35mm recordings of roentgeno 
grams from leading specialists’ files. Densities retained. Use 
these slides os on aid to diagnosis, teaching, ond review 


Studies of the Colon, St. Luke's Hospital, Chicago 
Angiocardiography, New York Hosp., New York City 
Myelography, Neurological Institute of New York 
Pulmonary Infections, St. Luke's Hospital, Chicago 
Fracture of Ankles, Ravenswood Hosp., Chicago 


Ped: at Roentgenology e!| Medico! Cente t of Print 


i 


PUBERCULOSIS 


For Reference and Teaching 


NEW! No. 5-1 Mediastinal and Thoracic Wall Tumors—Re 


search Clinic, Kansas City (includes 7 color 


slides of surgical specimens) 


NEW! No. 7-1 Anomalies and Diseases of the Genitourinary 
Tract—Research Clinic, Kansas City 


NEW! No. 7-2 Tumors and Diseases of the Genitourinary 
Tract—Research Clinic, Kansas City 


Price per set $15.00 


Request description of any sets by number. 


MICRO X-RAY RECORDER, INC. 


1941) N. WESTERN AVENUE CHICAGO 47, KLINOIS 
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1954 |) CHRISTMAS 


Monumental achievements 


kind. One ch achievement 


This year is the 50th annivers 


IB in our country. In these 
cut 90 yet TB strikes eve 


It is within man’s 


«within 
man’s 


GREETINGS | 1954 


GREETINGS J 1954 


GREETINGS || 19543 1954) CHRISTMAS $ GREETINGS |) 1954 


marked man 


wit! 


tior the conquest of tuberc 


of the organized fight against 


vears the [TB death rate has been 


live minute 


power to eradicate tuberculosis—your pur- 


chase of Christmas Seals will help to make this possible 


This year put two Christmas Seals on every card, letter, and 


package 


buy Christmas Seals 


2X2 /_ 
No. 
No. 5 
No. 6 
= : Bess etl 
havc 
reach of future genera 


REVIEW Ol 


Sulfate 


“a third potent tuberculostatic agent’! 


now availablleas Wimactane 
Sulfate 


Viomycin Sulfate Ciba 


« Active even when bacillary resistance to 
streptomycin or isoniazid has developed 
e Side effects rare and generally mild in thera- 


peutic dosage 


e Especially recommended in combination 


with PAS 
Supplied as sterile vials: The equivalent of 1 


seotated tn Gram viomycin base as the sulfate. 


Laboratories 
Detailed literature sent on request of physicians 


Ciba Pharmaceutical Products, Inc., Summit, N. J. 


H (ERICA\ BERCULOSI 
‘ Rev. Tuberc. 67:808. 1 


is indicated... 


Hycodan, 


whenever 
cough A 
therapy 


ASSURES INTAKE OF 


Each SUFFERED PARASAL-INH tablet f BOTH PAS AND INH 
contains 0.5 Gm. PAS ond 12.5 mg. INH 


Desoge Equivotents EFFECTIVE because combination BUFFERED 
Tetal Deily Tablet Intake 
PARASAL-INH therapy both diminishes 


and postpones development of resistance. 


ECONOMICAL and CONVENIENT because 
40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets re- 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS 
Sodium and sugar free 
Write for samples. literature, complete mformatron 
Sole Canadian Distributors: 
WINLEY-MORRIS CO., 6579 Someried Ave 
Montrea! 29, P. Q 


CORP. 


340 CANAL STREET, N.Y.13, N.Y. 
© 1953 The Panray Corp, New York 


\ 
| 
a tab el. 
P e small uncoated Z 
gm SINGLE DOSAGE FORM 
| 
8 


